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ABSTRACT 
This research investigates whether the use of online, geographic visualisation tools designed 
for communicating flood risks could improve the public’s understanding and response to 
flood warnings. Flood warning is a vital part of flood management and mitigation. It deals 
with technology as well as social and community mechanisms. Much attention is given to 
technocratic aspects of the flood warning process while socially oriented aspects such as risk 
communication and community awareness are neglected. As a consequence, warning 
messages often fail to reach the majority of those at risk of flooding in time to ensure that 
informed safety and damage prevention decisions are made. The research presented is this 
thesis addresses this problem by developing and testing a method of improving the clarity, 
quality and efficiency of the delivery of flood warning messages, with the assistance of 
Internet technology. The method is set out in a framework designed as part of this research. 
The fundamental basis of the framework is to provide flood warnings and risk communication 
to the public using a graphic interface (maps), via the Internet. An advantage of using 
graphics is that they are a universal language that transcend language barriers and can help 
‘show’ (not tell) those at risk the situation they may be facing. In addition to this, the use of 
maps allows flood information to be organised on a map so that it is specific to properties and 
somewhat ‘personalised’. Interactivity, aesthetically appealing messages, and the use of 3D 
are also suggested in the framework.  
 
In order to test the framework, a prototype – guided by components in the framework – has 
been designed. Open source technologies (the Virtual Reality Modelling Language (VRML) 
and the HyperText Preprocessor (or PHP) scripting language) were used to develop the 
prototype. The prototype has been designed as a template, meaning that it can be applied to 
various flood prone areas. For the purpose of testing, the prototype was customised to a study 
area – Myrtleford in northeast Victoria. Test participants consisted of 28 people who varied in 
age and gender. The testing process was split into eleven phases that focused on how usable 
and useful certain aspects of the prototype, and the overall concept were. Comparisons 
between current communication modes (radio and fax) and the prototype were also made. The 
results obtained from this research show that the majority of test participants would use a 
system such as the prototype to obtain flood warnings. The innovation of this research is in 
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the use of Web-delivered graphics to present flood warning information that is property 
specific and includes property specific safety suggestions. 
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CHAPTER 1 INTRODUCTION AND OUTLINE 
 
 
1.1 INTRODUCTION TO CHAPTER 
Thousands of Australians are directly affected by floodwaters each year. The impact can be 
devastating with damage and destruction to homes, businesses and community infrastructure, 
as well as loss of human life. As a way of lessening the impact, flood mitigation works and 
measures are encouraged, such as: flood control structures (dams, levees, house raising and 
channel improvement); forecasting and monitoring weather systems; and non-structural 
techniques such as risk communication and community awareness. Much attention has been 
placed on structural and technocratic areas of flood warnings in Australia, and as a result 
forecasts have improved (Robinson and McKay, 2003). However, whilst numbers have 
improved, other vital aspects of the flood warning process such as understanding communities 
and message communication and dissemination, have been neglected (Betts, 2003; Handmer, 
2000; Parker and Handmer, 1998; Victorian Flood Warning Consultative Committee, 2005b). 
As a consequence, vital warning messages often fail to get through to the majority of those at 
risk in time to ensure that informed safety and damage prevention decisions are made 
(Victorian Flood Warning Consultative Committee, 2005b). This reflects a weakness in risk 
communication within the flood warning process. The research reported here addresses this 
problem by developing and testing a method of improving the clarity, quality and efficiency 
of the delivery of flood warning messages, with the assistance of Internet technology. The 
method is set out in a framework designed as part of this research. To test the framework, a 
prototype flood warning system was developed, using the framework as a guide. 
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The fundamental notion presented in the framework is to provide flood warnings and risk 
communication to the public using a graphic interface, via the Internet. Being a universal 
language that transcends language barriers, graphics can help ‘show’ (not tell) those at risk the 
situation they may be facing, particularly when using large-scale maps showing property 
boundaries and road networks. In addition to this, interactive maps made for the Internet can 
be practical for presenting a large amount of information in a small space. As well as the use 
of graphics for flood risk communication and the Internet for message dissemination - 
interaction and aesthetically appealing messages are also suggested in the framework (the 
framework is outlined in section 1.4.1 of this chapter). 
 
The decision for examining the use of graphics for flood risk communication and the Internet 
for message dissemination came after completing literature reviews on two topics: Flood 
Warning in the State of Victoria, Australia; and Risk Communication (chapter 2 and 3 of this 
thesis, respectively). The literature review on flood warning in Victoria (as mentioned in the 
opening paragraph) found that many authorities on the topic stressed that risk communication 
is a weak point in the overall flood warning process in Australia and needs to be improved 
(Betts 2003; Handmer 2000; Parker, Dennis & Handmer 1998; Victorian Flood Warning 
Consultative Committee 2005b). The literature review on risk communication provided 
insight into general risk communication issues, including some that were common to flood 
warning processes. Risk communication issues that were common to the flood warning 
process included the need for clear and honest messages (Handmer, 1990; Lee, 1986; National 
Research Council, 1989), greater community consultation and involvement in the risk 
decision-making process (Betts, 2003; Chess et al., 1995; Pidgeon et al., 2003; Wisner et al., 
2004), clear and open presentation of uncertainties in the information (Handmer, 1995; 
Johnson and Slovic, 1995), use of a popular mode of dissemination (Drobot and Parker, 2007) 
and creating messages that engage those at risk and motivate positive action towards safety 
(Keys, 2001; Scanlon, 1990).  
 
Geographic visualisation and geographic visualisation tools are a large part of the framework 
outlined in section 1.4.1 (definitions for geographic visualisation and geographic visualisation 
tools are provided in chapter 4 of this thesis). In this research, geographic visualisation tools 
offer a means of communicating close to real-time flood risk information and flood warnings 
to the public via a graphic digital interface. The tools also provide users with access to flood 
information via the interface. The prototype, developed as part of this research, consists of 
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three geographic visualisation tools (a summary of each tool is given in section 1.4.2). 
Geographic visualisation tools can be anything that facilitates or extends our internal 
visualisation process, secondary to our mental processes. This includes graphic 
representations of any format such as paper, digital, static or dynamic. 
 
Developing a prototype system required the review of various computer programming 
development environments. The best-suited of these must adhere to set criteria requiring the 
development environment: be open source Internet technology; allow the display of 3D 
objects; allow interactivity; and be easily maintained and updated (preferably by way of a 
database) by those who run the system. The best-suited development environment proved to 
be a combination of the scripting languages Virtual Reality Modelling Language (VRML) and 
HyperText Preprocessor (PHP).  
 
The prototype was designed and developed as a template, meaning that it could be applied to 
various flood prone areas. However, in order to have the prototype tested by members of the 
public, a study area was chosen that met certain requirements (outlined in chapter 6, section 
6.4.1). The township of Myrtleford, in northeast Victoria, met these conditions and was 
therefore chosen as the study area for this research. Test participants consisted of 28 people 
who varied in age and gender. All test participants either lived in Myrtleford or were very 
familiar with the town. In addition to this, all test participants had some experience with 
computers since it is expected that in a real-life situation those who would use an online flood 
warning system would be ‘computer literate’. The testing process was split into eleven phases 
that focused on how usable and useful certain aspects of the prototype and the overall concept 
were. (Refer to section 1.5 for a brief description of each of the eleven phases).  
 
The test process also assessed the prototype against commonly used dissemination modes in 
Myrtleford: radio and fax. Results showed that warnings distributed by radio and fax lacked 
meaning, as the message content did not include an interpretation of flood classifications or 
any specific information that helped put the warning into perspective. On the other hand, the 
concept of the prototype was appreciated and liked by test participants because it allowed 
them to “see” what the warnings meant on a map. The prototype was also appreciated because 
the design allowed for property specific safety information to be included in the flood 
warning message. Overall, the test results showed that participants accepted the concept 
presented via the prototype and would use a product such as the prototype. 
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This chapter outlines the aims and objectives as well as the key questions being addressed in 
this research. The innovation and originality of this research is also discussed as well as a 
summary of flood warning communication and dissemination background to this research. A 
chapter-by-chapter summary is used to outline the research approach.   
1.2 RESEARCH AIM, OBJECTIVES AND KEY QUESTIONS 
The aim of this research was to investigate whether the use of online, geographic visualisation 
tools designed for communicating flood risks could improve the public’s understanding and 
response to flood warnings.  
 
The primary objectives of this research were:  
• To complete a comprehensive literature review on topics of flood warning in 
Victoria, risk communication and geographic visualisation tools; 
• To develop a framework that addresses particular issues within each of the literature 
review topics and propose a method for improving flood risk communication to the 
public using geographic visualisation tools accessed over the Internet; 
• To use this framework as a guide in designing a flood warning information system; 
and 
• To develop a prototype flood warning information system, as guided by the 
framework, and test it on a flood prone community in Victoria. Testing the 
prototype will also test the framework. 
 
Secondary objectives of this research were:  
• To design and develop a prototype flood warning information system using open-
source Internet technology; 
• To design a flood warning information system so that it can be applied to various 
flood prone areas and communities, that is, design it as a template; and 
• To determine whether the public are ready to entrust Internet sources within their 
flood risk information.  
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There are two reasons why this research focused on the State of Victoria: 1) to contribute 
scientifically towards one of Victoria’s most costliest natural disasters; and 2) to reduce the 
travelling time and distance for on-going data collection and evaluation. 
 
The key question addressed in this research was: 
‘how can we communicate early flood warnings and relevant flood information to 
the public so that messages are understood and motivate those at risk to minimise 
damage and maximise safety?’ 
This question has been raised over the years by numerous authorities on the topic including 
Betts (2003); Crapper et al.(2005), Fischhoff (1995), Handmer (1990; 2000), Keating (2005), 
and by the National Research Council (1989). This research also addresses the question of: 
‘how do we capture the public’s attention when communicating flood warnings?’  
The issue of apathy for flood warnings is brought up by several authorities including Betts 
(2003), Keys (2001), Smith (2000), Chess et al. (1995) and Lundgren and McMakin (1998). 
Both of these questions are addressed in the framework designed as part of this research, 
which will be discussed in section 1.4.1. Before discussing this, an overview of the flood 
warning communication and dissemination background for this research will be given. 
1.3 BACKGROUND: FLOODING WARNING COMMUNICATION 
AND DISSEMINATION 
Flooding is Australia’s most costly natural hazard. On average, per year, damage costs caused 
by flooding are in the range of AU$300 million
1
 (Bureau of Transport and Regional 
Economics, 2001) to AU$400 million (Elliot, 1997), affecting thousands of Australians in 
both rural and urban areas. The loss of life due to floods is relatively low but the social 
displacement and economic losses have a significant impact on the people directly effected 
(Elliot, 1997). In vast, low-lying areas, normal life can be greatly disrupted as floods can take 
several months to subside and can spread across several mainland states. With the help of 
flood warning systems, authorities are able to interpret predictions and communicate forecasts 
with the initiative of reducing the inconvenience borne by floods that thousands of people 
experience annually.  
                                                
1
 At the time of writing this thesis, these were the most up to date figures available from the BTRE. 
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An important component of flood warning, and a major focus of this research, is the effective 
communication of warnings to the public. Effective communication is the communication of 
information that reaches those at risk on time, is easily accessible, is understood by those at 
risk and prompts the right preventative action that minimises damage and maximises safety. 
However, the effective communication of early flood warnings is a weak link in the 
Australian Total Flood Warning System (Betts 2003; Handmer 2000; Parker, Dennis & 
Handmer 1998). There are no particular reasons as to why flood warnings and flood risk 
communication fail in Australia, but there are combinations of various possibilities including 
the common heterogeneity of modern society (diversity through culture, age, education, 
disability and employment) (Emergency Management Australia, 1999), social isolation (Betts, 
2003), infrequent nature of floods (Wilson, 1990), official agencies not seeing risk 
communication high on their list of priorities (Keys, 2006) and a general apathy and 
skepticism from those who are at risk  (Douglas, 1985; Keys, 2004; Smith, 2000).  
 
Good communication requires the construction of clear and meaningful messages as well as 
the use of suitable dissemination modes (Emergency Management Australia, 1999). Popular 
dissemination modes for early warning in Australia include radio, telephone, television and 
fax. Using these modes, messages can be delivered quickly and simultaneously to many 
people. However, because of the nature of these modes, the information is kept very general. 
General information might tell a person how high the river is expected to reach at a gauging 
station, but will not indicate to those at risk what this information means, specifically, to 
them. Customised and personalised messages, on the other hand, put warnings into 
perspective as those at risk will be informed if and how floodwaters will affect their property 
and what preventative action they should take. Uncertainties in the information also need to 
be communicated (Handmer, 1995; Johnson and Slovic, 1995). The value of customised and 
personalised messages has been recognised (Handmer, 2000; Sandman, 1987) but, at the time 
of writing this thesis, evidence for the existence of active programs that incorporate 
personalised messages into a flood warning information system was not found.  
 
In addition to radio, telephone, television and fax dissemination modes, the Internet is proving 
to be an invaluable resource for flood warning dissemination, particularly as various formats, 
other than text, can be uploaded and accessed over the Internet such as images and moving 
footage. The website, You Tube (http://www.youtube.com/), is a good example whereby 
Geographic visualisation tools for communicating flood risks to the public 
 7
users can freely upload moving footage onto the Internet for viewing by the public (see 
reference brendanmalin (2008) for an example of flood footage on You Tube). The 
convenience of the Internet has made it the most widely used system for the dissemination of 
information and services (Stefanakis and Peterson, 2006) and is the fastest growing 
communication medium in the world (Bradner 2000; Pritkin 2000). Around three quarters of 
Australian households are connected to the Web (Australian Bureau of Statistics, 2007). In 
fact, the popularity and growth of Internet is the main cause for the decline of fax machine 
use. This decline has been continual since the introduction of email, the World Wide Web 
(WWW) and email enabled mobile phones in the late 1990s and early 2000s (Coopersmith 
2009; McBride 2005; Prema 2006). Even though more people are using the Internet than a fax 
to transmit documents throughout the world, faxed information is still – surprisingly – more 
commonly used as a mode of flood warning dissemination than the Internet. 
1.4 RESEARCH INNOVATION 
The innovation of this research is in the use of Web-delivered graphics to present flood 
warning information that is property specific and includes property specific safety 
suggestions. Although there are already systems that use interactive maps and operate on the 
Internet, research into the area uncovered no evidence of a flood warning communication 
system that also personalised flood warning messages and provided safety suggestions  (at the 
time of writing the literature review). The framework, designed as part of this research, 
outlines the method used for addressing issues relevant to this thesis and demonstrates much 
of the innovation for this research (the framework is outlined in section 1.4.1). The 
development of the prototype also shows innovation, because - at the time of undertaking the 
literature review - there were no known flood warning systems that conveyed close to real-
time flood data visually on large scale, interactive maps, developed using open source Internet 
technology, and for use by the public. In addition to this, there was no online flood warning 
system that had been designed as a template that can be applied to various flood prone areas. 
The prototype will also be discussed here, in section 1.4.2. 
1.4.1 Proposed framework  
The framework (developed as part of this research) addresses issues relevant to this research 
by proposing a method for improving current flood risk communication practice by using 
online, interactive, 3D maps that are somewhat personalised to convey flood warning data and 
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information to the public, over the Internet. The framework combines four interrelated 
components. Briefly, the four components are:  
• To use a graphic interface as a means of transcending communication barriers and 
technocratic biases, since graphics are considered an almost universal language that 
the human mind reacts to quickly (Reisberg, 2001);  
• To personalise flood warnings and flood information so that individuals are able to 
relate to the situation. To personalise a message is to include information that is 
relevant to individual property owners. If a person understands how the waters will 
affect their neighbourhood street or property, they can do more to minimise 
damages (Handmer, 2000; Sandman, 1987);  
• To use the Internet to disseminate flood warnings and flood information via a 
spatial interface. Those who are connected to the Internet are able to receive and 
monitor close to real-time updates as well as share information through online 
forums and blogs; 
• To reduce the public’s apathy for floods by focussing on designing messages that 
grab the target audience’s attention (visually). People generally want to learn more 
about a matter if it attracts their attention (Laplante, 1995). 
 
Please note that this research did not aim to provide a universal communication mode, but 
instead provided a framework that utilised Internet technology (via a graphic interface) to 
provide people who are comfortable using computers and the Internet, with the key flood 
warning information. Also, this research examined only Internet access via a browser using 
only a laptop computer or desktop computer. Other devices that allow users to access the 
Internet and display graphics including mobile phones and personal digital assistants (PDAs) 
were not examined here. This is because interface designs will differ between laptop/desktop 
computers, PDAs and mobile phones meaning several different interfaces would have needed 
to have been designed and tested. The time limit for this research did not allow for developing 
prototypes for different devices, however the prototype could be adapted to suit other devices. 
1.4.2 The prototype 
The prototype uses online, dynamic flood maps to indicate where inundation from 
floodwaters is expected, when a river reaches a particular height. It has been developed as a 
suite of three geographic visualisation tools. These tools have been named: Flood Warning 
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tool; Safety Information tool; and Find Property tool. The Flood Warning tool uses river 
heights collected by the Australian Bureau of Meteorology (BoM) to generate a flood map of 
the expected floodwaters. The Safety Information and Find Property tools are interactive tools 
that users can use to find flood warning information that is relevant to particular properties. 
The framework, designed as part of this research, has been used as a guide for designing the 
prototype.  
 
The prototype was developed using open-source Internet scripting languages: VRML (Ames 
et al., 1997) and the Hypertext Preprocessor (Converse and Park, 2000) or more commonly 
known as PHP. Java was also used to build a small Java applet. The prototype has been 
developed as a template, meaning that data used to generate the maps (including labels) and 
all flood warning information can be altered via a database. For the sake of simplicity, a text 
file database was used. Using a template also means that the system can be applied to various 
locations while accommodating changes are made via the database.  
 
The flood maps (or representations) have been developed in both 3D and 2D. The reason for 
this is to compare whether the novelty of 3D motivates public interest in the flood warning 
system. The prototype was examined against current flood warning dissemination modes in 
use in Myrtleford: radio and fax.  
 
All flood data used for the development of the prototype existed prior to the beginning of this 
research. As well as BoM river heights, other data used included historical data and 
information that is a product of hydrologic and hydraulic modelling and analysis. 
1.5 RESEARCH APPROACH 
The approach used for this research and the structure of this thesis is described in this section. 
This includes a brief summary of each chapter (including chapter 1) and its purpose. 
 
Chapter 1 outlines the aims and objectives of this research, explains the research innovation, 
as well as provides an overview of the research background and the research approach. 
 
The literature review for this thesis spreads across chapters 2 to 4. It is separated into three 
chapters because of the variations in topic content. Chapter 2 examines issues regarding 
flood warning in the State of Victoria and the Australian Total Flood Warning System 
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(Emergency Management Australia, 1999). Flood warning issues focused on in chapter 2 
includes: ways of constructing and disseminating warning messages to the public; the 
cooperation between communities and authorities; awareness and education; interpretation of 
predictions; and inter-organisation communication and cooperation. 
 
Chapter 3 follows on from chapter 2 as an elaboration of issues in risk communication. This 
chapter covers issues within risk communication and provides definitions for the terms risk, 
hazard, communication, risk communication and risk perception. Risk communication issues 
that are looked at in chapter 3 includes trust, belief, uncertainty, and attracting the attention of 
those at risk. A review of expert opinions as to why risk communication commonly fails is 
also given.  
 
Most issues addressed in this thesis are raised in chapters 2 and 3.  
 
The third chapter of the literature review (Chapter 4) focuses on geographic visualisation 
tools. Here definitions for the terms visualisation, geographic visualisation and geographic 
visualisation tools are provided. Examples of geographic visualisation tools, both generally 
and specific to hazards, are also given. The purpose of this chapter is to: 1) show how 
advantageous geographic visualisation tools can be for delivering of flood risk information to 
the public; and 2) review current online tools used for communicating flood information. 
 
Chapter 5 presents the framework designed as part of this research. The framework addresses 
particular issues within each of the literature review topics, and proposes a method for 
improving flood risk communication to the public that utilises a graphic interface that is 
accessed via Internet. The framework explains the conceptual basis for this research, which is 
supported by literature from experts within relevant fields.  
 
Chapter 6 explains, in detail, the process taken to develop the prototype flood warning 
system. This includes reasons for why certain choices were made regarding: 1) the design and 
development of each geographic visualisation tool; and 2) the study area. Questionnaire 
results from the initial design review of the tools are also included in chapter 6. 
 
Chapter 7 describes the eleven phases of the test procedure and logistics involved. It also 
includes a description of the test population, a summary of the equipment used for testing and 
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explains all methods of data collection including questionnaires and forms. The phases, 
including a summary of each, are: 
1. Introduction - briefed test participants on what the test would involve; 
2. Abstraction and orientation - examined the level of map abstraction and how well 
test participants were able to orientate themselves within the map; 
3. Demonstration – gave participants the opportunity to briefly use the prototype; 
4. Comparison of communication formats - required participants to answer questions 
regarding a simulated radio flood warning and a simulated fax flood warning; 
5. Memorability - tested how well participants remembered how to use the prototype; 
6. Learnability - focused on how easily participants learnt to use the prototype; 
7. Usefulness - required participants to answer questions regarding how useful they 
felt the prototype would be to them; 
8. ‘Geographical Dirtiness’ examined the level of detail used on the maps; 
9. 2D verses 3D compared a 2D and 3D version of the maps; 
10. Measurement of agreement and satisfaction - required participants to evaluate their 
overall satisfaction with the prototype; and 
11. Debriefing - participants were given the opportunity to comment on any aspect of 
the prototype and the project before the official end of the test. 
 
Chapter 8 provides an interpretation of the results for further investigations and analysis. 
 
Chapter 9 summarises all research findings and relates them to the objectives of this 
research. Limitations and recommendations relating to methods and theories established in 
this research as well as possible future research directions are also discussed.  
1.6 CHAPTER SUMMARY 
This chapter introduced the research presented in this thesis. This included: presenting the 
aims, objectives, and the key questions being addressed here; outlining the research 
background and approach; and explaining the innovation and originality in the work presented 
here.  
 
To summarise, the aim of this research was to investigate whether the use of online, 
geographic visualisation tools designed for communicating flood risks could improve the 
public’s understanding of, interest in and response to flood warnings. In particular, this 
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research examined a rapidly growing communication technology (the Internet) as a 
dissemination mode while using a graphic interface (in the form of a map) to deliver the 
messages. The Internet as a primary information source is certainly growing (Drobot and 
Parker, 2007), but it is not suggested here that, at this stage, it replace current modes of 
dissemination but more so used as an accompaniment to current modes that can alert the 
public of risks with greater urgency such as television, radio or mobile phone text messaging. 
Advantages of using this approach include that messages can be customised to properties so 
that they are more personalised to individuals, users are able to share information through 
forums and blogs, and warning updates can be issued easily and quickly by flood warning 
authorities. This approach was compared and tested against dissemination modes used in the 
study area (Myrtleford): radio and fax. This research addressed whether taking a new 
approach to flood risk communication can improve the public’s understanding of the risks 
issued and therefore motivate safety actions.  
 
The following three chapters provide the literature review for this research. The first topic to 
be discussed is on flood warnings in Victoria, Australia.  
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ABSTRACT 
This research investigates whether the use of online, geographic visualisation tools designed 
for communicating flood risks could improve the public’s understanding and response to 
flood warnings. Flood warning is a vital part of flood management and mitigation. It deals 
with technology as well as social and community mechanisms. Much attention is given to 
technocratic aspects of the flood warning process while socially oriented aspects such as risk 
communication and community awareness are neglected. As a consequence, warning 
messages often fail to reach the majority of those at risk of flooding in time to ensure that 
informed safety and damage prevention decisions are made. The research presented is this 
thesis addresses this problem by developing and testing a method of improving the clarity, 
quality and efficiency of the delivery of flood warning messages, with the assistance of 
Internet technology. The method is set out in a framework designed as part of this research. 
The fundamental basis of the framework is to provide flood warnings and risk communication 
to the public using a graphic interface (maps), via the Internet. An advantage of using 
graphics is that they are a universal language that transcend language barriers and can help 
‘show’ (not tell) those at risk the situation they may be facing. In addition to this, the use of 
maps allows flood information to be organised on a map so that it is specific to properties and 
somewhat ‘personalised’. Interactivity, aesthetically appealing messages, and the use of 3D 
are also suggested in the framework.  
 
In order to test the framework, a prototype – guided by components in the framework – has 
been designed. Open source technologies (the Virtual Reality Modelling Language (VRML) 
and the HyperText Preprocessor (or PHP) scripting language) were used to develop the 
prototype. The prototype has been designed as a template, meaning that it can be applied to 
various flood prone areas. For the purpose of testing, the prototype was customised to a study 
area – Myrtleford in northeast Victoria. Test participants consisted of 28 people who varied in 
age and gender. The testing process was split into eleven phases that focused on how usable 
and useful certain aspects of the prototype, and the overall concept were. Comparisons 
between current communication modes (radio and fax) and the prototype were also made. The 
results obtained from this research show that the majority of test participants would use a 
system such as the prototype to obtain flood warnings. The innovation of this research is in 
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the use of Web-delivered graphics to present flood warning information that is property 
specific and includes property specific safety suggestions. 
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CHAPTER 1 INTRODUCTION AND OUTLINE 
 
 
1.1 INTRODUCTION TO CHAPTER 
Thousands of Australians are directly affected by floodwaters each year. The impact can be 
devastating with damage and destruction to homes, businesses and community infrastructure, 
as well as loss of human life. As a way of lessening the impact, flood mitigation works and 
measures are encouraged, such as: flood control structures (dams, levees, house raising and 
channel improvement); forecasting and monitoring weather systems; and non-structural 
techniques such as risk communication and community awareness. Much attention has been 
placed on structural and technocratic areas of flood warnings in Australia, and as a result 
forecasts have improved (Robinson and McKay, 2003). However, whilst numbers have 
improved, other vital aspects of the flood warning process such as understanding communities 
and message communication and dissemination, have been neglected (Betts, 2003; Handmer, 
2000; Parker and Handmer, 1998; Victorian Flood Warning Consultative Committee, 2005b). 
As a consequence, vital warning messages often fail to get through to the majority of those at 
risk in time to ensure that informed safety and damage prevention decisions are made 
(Victorian Flood Warning Consultative Committee, 2005b). This reflects a weakness in risk 
communication within the flood warning process. The research reported here addresses this 
problem by developing and testing a method of improving the clarity, quality and efficiency 
of the delivery of flood warning messages, with the assistance of Internet technology. The 
method is set out in a framework designed as part of this research. To test the framework, a 
prototype flood warning system was developed, using the framework as a guide. 
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The fundamental notion presented in the framework is to provide flood warnings and risk 
communication to the public using a graphic interface, via the Internet. Being a universal 
language that transcends language barriers, graphics can help ‘show’ (not tell) those at risk the 
situation they may be facing, particularly when using large-scale maps showing property 
boundaries and road networks. In addition to this, interactive maps made for the Internet can 
be practical for presenting a large amount of information in a small space. As well as the use 
of graphics for flood risk communication and the Internet for message dissemination - 
interaction and aesthetically appealing messages are also suggested in the framework (the 
framework is outlined in section 1.4.1 of this chapter). 
 
The decision for examining the use of graphics for flood risk communication and the Internet 
for message dissemination came after completing literature reviews on two topics: Flood 
Warning in the State of Victoria, Australia; and Risk Communication (chapter 2 and 3 of this 
thesis, respectively). The literature review on flood warning in Victoria (as mentioned in the 
opening paragraph) found that many authorities on the topic stressed that risk communication 
is a weak point in the overall flood warning process in Australia and needs to be improved 
(Betts 2003; Handmer 2000; Parker, Dennis & Handmer 1998; Victorian Flood Warning 
Consultative Committee 2005b). The literature review on risk communication provided 
insight into general risk communication issues, including some that were common to flood 
warning processes. Risk communication issues that were common to the flood warning 
process included the need for clear and honest messages (Handmer, 1990; Lee, 1986; National 
Research Council, 1989), greater community consultation and involvement in the risk 
decision-making process (Betts, 2003; Chess et al., 1995; Pidgeon et al., 2003; Wisner et al., 
2004), clear and open presentation of uncertainties in the information (Handmer, 1995; 
Johnson and Slovic, 1995), use of a popular mode of dissemination (Drobot and Parker, 2007) 
and creating messages that engage those at risk and motivate positive action towards safety 
(Keys, 2001; Scanlon, 1990).  
 
Geographic visualisation and geographic visualisation tools are a large part of the framework 
outlined in section 1.4.1 (definitions for geographic visualisation and geographic visualisation 
tools are provided in chapter 4 of this thesis). In this research, geographic visualisation tools 
offer a means of communicating close to real-time flood risk information and flood warnings 
to the public via a graphic digital interface. The tools also provide users with access to flood 
information via the interface. The prototype, developed as part of this research, consists of 
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three geographic visualisation tools (a summary of each tool is given in section 1.4.2). 
Geographic visualisation tools can be anything that facilitates or extends our internal 
visualisation process, secondary to our mental processes. This includes graphic 
representations of any format such as paper, digital, static or dynamic. 
 
Developing a prototype system required the review of various computer programming 
development environments. The best-suited of these must adhere to set criteria requiring the 
development environment: be open source Internet technology; allow the display of 3D 
objects; allow interactivity; and be easily maintained and updated (preferably by way of a 
database) by those who run the system. The best-suited development environment proved to 
be a combination of the scripting languages Virtual Reality Modelling Language (VRML) and 
HyperText Preprocessor (PHP).  
 
The prototype was designed and developed as a template, meaning that it could be applied to 
various flood prone areas. However, in order to have the prototype tested by members of the 
public, a study area was chosen that met certain requirements (outlined in chapter 6, section 
6.4.1). The township of Myrtleford, in northeast Victoria, met these conditions and was 
therefore chosen as the study area for this research. Test participants consisted of 28 people 
who varied in age and gender. All test participants either lived in Myrtleford or were very 
familiar with the town. In addition to this, all test participants had some experience with 
computers since it is expected that in a real-life situation those who would use an online flood 
warning system would be ‘computer literate’. The testing process was split into eleven phases 
that focused on how usable and useful certain aspects of the prototype and the overall concept 
were. (Refer to section 1.5 for a brief description of each of the eleven phases).  
 
The test process also assessed the prototype against commonly used dissemination modes in 
Myrtleford: radio and fax. Results showed that warnings distributed by radio and fax lacked 
meaning, as the message content did not include an interpretation of flood classifications or 
any specific information that helped put the warning into perspective. On the other hand, the 
concept of the prototype was appreciated and liked by test participants because it allowed 
them to “see” what the warnings meant on a map. The prototype was also appreciated because 
the design allowed for property specific safety information to be included in the flood 
warning message. Overall, the test results showed that participants accepted the concept 
presented via the prototype and would use a product such as the prototype. 
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This chapter outlines the aims and objectives as well as the key questions being addressed in 
this research. The innovation and originality of this research is also discussed as well as a 
summary of flood warning communication and dissemination background to this research. A 
chapter-by-chapter summary is used to outline the research approach.   
1.2 RESEARCH AIM, OBJECTIVES AND KEY QUESTIONS 
The aim of this research was to investigate whether the use of online, geographic visualisation 
tools designed for communicating flood risks could improve the public’s understanding and 
response to flood warnings.  
 
The primary objectives of this research were:  
• To complete a comprehensive literature review on topics of flood warning in 
Victoria, risk communication and geographic visualisation tools; 
• To develop a framework that addresses particular issues within each of the literature 
review topics and propose a method for improving flood risk communication to the 
public using geographic visualisation tools accessed over the Internet; 
• To use this framework as a guide in designing a flood warning information system; 
and 
• To develop a prototype flood warning information system, as guided by the 
framework, and test it on a flood prone community in Victoria. Testing the 
prototype will also test the framework. 
 
Secondary objectives of this research were:  
• To design and develop a prototype flood warning information system using open-
source Internet technology; 
• To design a flood warning information system so that it can be applied to various 
flood prone areas and communities, that is, design it as a template; and 
• To determine whether the public are ready to entrust Internet sources within their 
flood risk information.  
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There are two reasons why this research focused on the State of Victoria: 1) to contribute 
scientifically towards one of Victoria’s most costliest natural disasters; and 2) to reduce the 
travelling time and distance for on-going data collection and evaluation. 
 
The key question addressed in this research was: 
‘how can we communicate early flood warnings and relevant flood information to 
the public so that messages are understood and motivate those at risk to minimise 
damage and maximise safety?’ 
This question has been raised over the years by numerous authorities on the topic including 
Betts (2003); Crapper et al.(2005), Fischhoff (1995), Handmer (1990; 2000), Keating (2005), 
and by the National Research Council (1989). This research also addresses the question of: 
‘how do we capture the public’s attention when communicating flood warnings?’  
The issue of apathy for flood warnings is brought up by several authorities including Betts 
(2003), Keys (2001), Smith (2000), Chess et al. (1995) and Lundgren and McMakin (1998). 
Both of these questions are addressed in the framework designed as part of this research, 
which will be discussed in section 1.4.1. Before discussing this, an overview of the flood 
warning communication and dissemination background for this research will be given. 
1.3 BACKGROUND: FLOODING WARNING COMMUNICATION 
AND DISSEMINATION 
Flooding is Australia’s most costly natural hazard. On average, per year, damage costs caused 
by flooding are in the range of AU$300 million
1
 (Bureau of Transport and Regional 
Economics, 2001) to AU$400 million (Elliot, 1997), affecting thousands of Australians in 
both rural and urban areas. The loss of life due to floods is relatively low but the social 
displacement and economic losses have a significant impact on the people directly effected 
(Elliot, 1997). In vast, low-lying areas, normal life can be greatly disrupted as floods can take 
several months to subside and can spread across several mainland states. With the help of 
flood warning systems, authorities are able to interpret predictions and communicate forecasts 
with the initiative of reducing the inconvenience borne by floods that thousands of people 
experience annually.  
                                                
1
 At the time of writing this thesis, these were the most up to date figures available from the BTRE. 
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An important component of flood warning, and a major focus of this research, is the effective 
communication of warnings to the public. Effective communication is the communication of 
information that reaches those at risk on time, is easily accessible, is understood by those at 
risk and prompts the right preventative action that minimises damage and maximises safety. 
However, the effective communication of early flood warnings is a weak link in the 
Australian Total Flood Warning System (Betts 2003; Handmer 2000; Parker, Dennis & 
Handmer 1998). There are no particular reasons as to why flood warnings and flood risk 
communication fail in Australia, but there are combinations of various possibilities including 
the common heterogeneity of modern society (diversity through culture, age, education, 
disability and employment) (Emergency Management Australia, 1999), social isolation (Betts, 
2003), infrequent nature of floods (Wilson, 1990), official agencies not seeing risk 
communication high on their list of priorities (Keys, 2006) and a general apathy and 
skepticism from those who are at risk  (Douglas, 1985; Keys, 2004; Smith, 2000).  
 
Good communication requires the construction of clear and meaningful messages as well as 
the use of suitable dissemination modes (Emergency Management Australia, 1999). Popular 
dissemination modes for early warning in Australia include radio, telephone, television and 
fax. Using these modes, messages can be delivered quickly and simultaneously to many 
people. However, because of the nature of these modes, the information is kept very general. 
General information might tell a person how high the river is expected to reach at a gauging 
station, but will not indicate to those at risk what this information means, specifically, to 
them. Customised and personalised messages, on the other hand, put warnings into 
perspective as those at risk will be informed if and how floodwaters will affect their property 
and what preventative action they should take. Uncertainties in the information also need to 
be communicated (Handmer, 1995; Johnson and Slovic, 1995). The value of customised and 
personalised messages has been recognised (Handmer, 2000; Sandman, 1987) but, at the time 
of writing this thesis, evidence for the existence of active programs that incorporate 
personalised messages into a flood warning information system was not found.  
 
In addition to radio, telephone, television and fax dissemination modes, the Internet is proving 
to be an invaluable resource for flood warning dissemination, particularly as various formats, 
other than text, can be uploaded and accessed over the Internet such as images and moving 
footage. The website, You Tube (http://www.youtube.com/), is a good example whereby 
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users can freely upload moving footage onto the Internet for viewing by the public (see 
reference brendanmalin (2008) for an example of flood footage on You Tube). The 
convenience of the Internet has made it the most widely used system for the dissemination of 
information and services (Stefanakis and Peterson, 2006) and is the fastest growing 
communication medium in the world (Bradner 2000; Pritkin 2000). Around three quarters of 
Australian households are connected to the Web (Australian Bureau of Statistics, 2007). In 
fact, the popularity and growth of Internet is the main cause for the decline of fax machine 
use. This decline has been continual since the introduction of email, the World Wide Web 
(WWW) and email enabled mobile phones in the late 1990s and early 2000s (Coopersmith 
2009; McBride 2005; Prema 2006). Even though more people are using the Internet than a fax 
to transmit documents throughout the world, faxed information is still – surprisingly – more 
commonly used as a mode of flood warning dissemination than the Internet. 
1.4 RESEARCH INNOVATION 
The innovation of this research is in the use of Web-delivered graphics to present flood 
warning information that is property specific and includes property specific safety 
suggestions. Although there are already systems that use interactive maps and operate on the 
Internet, research into the area uncovered no evidence of a flood warning communication 
system that also personalised flood warning messages and provided safety suggestions  (at the 
time of writing the literature review). The framework, designed as part of this research, 
outlines the method used for addressing issues relevant to this thesis and demonstrates much 
of the innovation for this research (the framework is outlined in section 1.4.1). The 
development of the prototype also shows innovation, because - at the time of undertaking the 
literature review - there were no known flood warning systems that conveyed close to real-
time flood data visually on large scale, interactive maps, developed using open source Internet 
technology, and for use by the public. In addition to this, there was no online flood warning 
system that had been designed as a template that can be applied to various flood prone areas. 
The prototype will also be discussed here, in section 1.4.2. 
1.4.1 Proposed framework  
The framework (developed as part of this research) addresses issues relevant to this research 
by proposing a method for improving current flood risk communication practice by using 
online, interactive, 3D maps that are somewhat personalised to convey flood warning data and 
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information to the public, over the Internet. The framework combines four interrelated 
components. Briefly, the four components are:  
• To use a graphic interface as a means of transcending communication barriers and 
technocratic biases, since graphics are considered an almost universal language that 
the human mind reacts to quickly (Reisberg, 2001);  
• To personalise flood warnings and flood information so that individuals are able to 
relate to the situation. To personalise a message is to include information that is 
relevant to individual property owners. If a person understands how the waters will 
affect their neighbourhood street or property, they can do more to minimise 
damages (Handmer, 2000; Sandman, 1987);  
• To use the Internet to disseminate flood warnings and flood information via a 
spatial interface. Those who are connected to the Internet are able to receive and 
monitor close to real-time updates as well as share information through online 
forums and blogs; 
• To reduce the public’s apathy for floods by focussing on designing messages that 
grab the target audience’s attention (visually). People generally want to learn more 
about a matter if it attracts their attention (Laplante, 1995). 
 
Please note that this research did not aim to provide a universal communication mode, but 
instead provided a framework that utilised Internet technology (via a graphic interface) to 
provide people who are comfortable using computers and the Internet, with the key flood 
warning information. Also, this research examined only Internet access via a browser using 
only a laptop computer or desktop computer. Other devices that allow users to access the 
Internet and display graphics including mobile phones and personal digital assistants (PDAs) 
were not examined here. This is because interface designs will differ between laptop/desktop 
computers, PDAs and mobile phones meaning several different interfaces would have needed 
to have been designed and tested. The time limit for this research did not allow for developing 
prototypes for different devices, however the prototype could be adapted to suit other devices. 
1.4.2 The prototype 
The prototype uses online, dynamic flood maps to indicate where inundation from 
floodwaters is expected, when a river reaches a particular height. It has been developed as a 
suite of three geographic visualisation tools. These tools have been named: Flood Warning 
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tool; Safety Information tool; and Find Property tool. The Flood Warning tool uses river 
heights collected by the Australian Bureau of Meteorology (BoM) to generate a flood map of 
the expected floodwaters. The Safety Information and Find Property tools are interactive tools 
that users can use to find flood warning information that is relevant to particular properties. 
The framework, designed as part of this research, has been used as a guide for designing the 
prototype.  
 
The prototype was developed using open-source Internet scripting languages: VRML (Ames 
et al., 1997) and the Hypertext Preprocessor (Converse and Park, 2000) or more commonly 
known as PHP. Java was also used to build a small Java applet. The prototype has been 
developed as a template, meaning that data used to generate the maps (including labels) and 
all flood warning information can be altered via a database. For the sake of simplicity, a text 
file database was used. Using a template also means that the system can be applied to various 
locations while accommodating changes are made via the database.  
 
The flood maps (or representations) have been developed in both 3D and 2D. The reason for 
this is to compare whether the novelty of 3D motivates public interest in the flood warning 
system. The prototype was examined against current flood warning dissemination modes in 
use in Myrtleford: radio and fax.  
 
All flood data used for the development of the prototype existed prior to the beginning of this 
research. As well as BoM river heights, other data used included historical data and 
information that is a product of hydrologic and hydraulic modelling and analysis. 
1.5 RESEARCH APPROACH 
The approach used for this research and the structure of this thesis is described in this section. 
This includes a brief summary of each chapter (including chapter 1) and its purpose. 
 
Chapter 1 outlines the aims and objectives of this research, explains the research innovation, 
as well as provides an overview of the research background and the research approach. 
 
The literature review for this thesis spreads across chapters 2 to 4. It is separated into three 
chapters because of the variations in topic content. Chapter 2 examines issues regarding 
flood warning in the State of Victoria and the Australian Total Flood Warning System 
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(Emergency Management Australia, 1999). Flood warning issues focused on in chapter 2 
includes: ways of constructing and disseminating warning messages to the public; the 
cooperation between communities and authorities; awareness and education; interpretation of 
predictions; and inter-organisation communication and cooperation. 
 
Chapter 3 follows on from chapter 2 as an elaboration of issues in risk communication. This 
chapter covers issues within risk communication and provides definitions for the terms risk, 
hazard, communication, risk communication and risk perception. Risk communication issues 
that are looked at in chapter 3 includes trust, belief, uncertainty, and attracting the attention of 
those at risk. A review of expert opinions as to why risk communication commonly fails is 
also given.  
 
Most issues addressed in this thesis are raised in chapters 2 and 3.  
 
The third chapter of the literature review (Chapter 4) focuses on geographic visualisation 
tools. Here definitions for the terms visualisation, geographic visualisation and geographic 
visualisation tools are provided. Examples of geographic visualisation tools, both generally 
and specific to hazards, are also given. The purpose of this chapter is to: 1) show how 
advantageous geographic visualisation tools can be for delivering of flood risk information to 
the public; and 2) review current online tools used for communicating flood information. 
 
Chapter 5 presents the framework designed as part of this research. The framework addresses 
particular issues within each of the literature review topics, and proposes a method for 
improving flood risk communication to the public that utilises a graphic interface that is 
accessed via Internet. The framework explains the conceptual basis for this research, which is 
supported by literature from experts within relevant fields.  
 
Chapter 6 explains, in detail, the process taken to develop the prototype flood warning 
system. This includes reasons for why certain choices were made regarding: 1) the design and 
development of each geographic visualisation tool; and 2) the study area. Questionnaire 
results from the initial design review of the tools are also included in chapter 6. 
 
Chapter 7 describes the eleven phases of the test procedure and logistics involved. It also 
includes a description of the test population, a summary of the equipment used for testing and 
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explains all methods of data collection including questionnaires and forms. The phases, 
including a summary of each, are: 
1. Introduction - briefed test participants on what the test would involve; 
2. Abstraction and orientation - examined the level of map abstraction and how well 
test participants were able to orientate themselves within the map; 
3. Demonstration – gave participants the opportunity to briefly use the prototype; 
4. Comparison of communication formats - required participants to answer questions 
regarding a simulated radio flood warning and a simulated fax flood warning; 
5. Memorability - tested how well participants remembered how to use the prototype; 
6. Learnability - focused on how easily participants learnt to use the prototype; 
7. Usefulness - required participants to answer questions regarding how useful they 
felt the prototype would be to them; 
8. ‘Geographical Dirtiness’ examined the level of detail used on the maps; 
9. 2D verses 3D compared a 2D and 3D version of the maps; 
10. Measurement of agreement and satisfaction - required participants to evaluate their 
overall satisfaction with the prototype; and 
11. Debriefing - participants were given the opportunity to comment on any aspect of 
the prototype and the project before the official end of the test. 
 
Chapter 8 provides an interpretation of the results for further investigations and analysis. 
 
Chapter 9 summarises all research findings and relates them to the objectives of this 
research. Limitations and recommendations relating to methods and theories established in 
this research as well as possible future research directions are also discussed.  
1.6 CHAPTER SUMMARY 
This chapter introduced the research presented in this thesis. This included: presenting the 
aims, objectives, and the key questions being addressed here; outlining the research 
background and approach; and explaining the innovation and originality in the work presented 
here.  
 
To summarise, the aim of this research was to investigate whether the use of online, 
geographic visualisation tools designed for communicating flood risks could improve the 
public’s understanding of, interest in and response to flood warnings. In particular, this 
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research examined a rapidly growing communication technology (the Internet) as a 
dissemination mode while using a graphic interface (in the form of a map) to deliver the 
messages. The Internet as a primary information source is certainly growing (Drobot and 
Parker, 2007), but it is not suggested here that, at this stage, it replace current modes of 
dissemination but more so used as an accompaniment to current modes that can alert the 
public of risks with greater urgency such as television, radio or mobile phone text messaging. 
Advantages of using this approach include that messages can be customised to properties so 
that they are more personalised to individuals, users are able to share information through 
forums and blogs, and warning updates can be issued easily and quickly by flood warning 
authorities. This approach was compared and tested against dissemination modes used in the 
study area (Myrtleford): radio and fax. This research addressed whether taking a new 
approach to flood risk communication can improve the public’s understanding of the risks 
issued and therefore motivate safety actions.  
 
The following three chapters provide the literature review for this research. The first topic to 
be discussed is on flood warnings in Victoria, Australia.  
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CHAPTER 2 FLOODING WARNING, WITH SPECIAL 
REFERENCE TO VICTORIA 
 
2.1 INTRODUCTION TO CHAPTER 
The purpose of flood warning as defined by Emergency Management Australia (1999:1) is to: 
“Provide advice on impending flooding so people can take action to minimise its impacts. 
This will involve some people taking individual actions on their own behalf and others taking 
action as part of agency functions”. A successful flood warning is measured by the extent to 
which people are persuaded to take action to lessen the impact of a flood and to help agencies 
carry out their roles during flood events (Emergency Management Australia, 1999: 1). Flood 
warning procedures are vital for any areas affected by flooding, whether it is inland river 
flooding, mountain/coastal river flooding or flash flooding (Drobot and Parker, 2007; 
Emergency Management Australia, 1999; Keys and Cawood, 2007). They range from 
technology-orientated procedures such as modelling and prediction through to the socially-
oriented procedures like awareness, education and communication. The need for well rounded 
flood warning systems that equally consider both technology and social components have 
been acknowledged by many including Betts (2003), Handmer (2000), and Parker and 
Handmer (1998). In Australia a Total Flood Warning System has been designed (Emergency 
Management Australia, 1999) and offers a ‘best-practice’ guide to flood warning while 
focussing attention on both technocratic and socially-oriented flood warning stages. However, 
at the time of writing this thesis, no Australian examples of successful implementation of a 
Total Flood Warning System were found. Keys and Cawood (2007) attribute this to there 
being no campaigns encouraging or explaining the Total Flood Warning System during and 
after the time that the guide was released.  
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This chapter provides an overview of contemporary riverine flood warning problems in the 
State of Victoria, with a particular focus on flood warning issues related to risk 
communication. Risk communication is an important topic in this research and will be 
discussed further in the next chapter. The issues discussed in this chapter relate to the 
construction and dissemination of warning messages, the cooperation between communities 
and authorities, public flood awareness and education, interpretation of predictions, and inter-
organisation communication and cooperation. Although all issues focus on Victoria, some 
national and international references are made, as flooding is a national and international 
hazard. Also discussed is the Australian Total Flood Warning System.  
2.2 RIVERINE FLOODING – BACKGROUND 
Before addressing relevant flood warning issues, this section will briefly look at riverine 
flooding in Australia as a hazard and how it impacts upon Australians. 
2.2.1 Riverine flooding 
Inland, riverine flooding caused by heavy rainfall is the most common form of flooding in 
Australia (Bureau of Meteorology, 2006). Other major types of flooding in Australia are 
mountain/coastal river flooding and flash flooding (Emergency Management Australia, 2005). 
In hydrologic terms, Australia has a wide range of riverine flooding types, varying from long 
slow flowing rivers to shorter steeper rivers. Different types of rivers will have different flood 
travel times ranging from 12 hours or less, to weeks and months (Elliot, 1997).  
 
Most of the towns and cities in Victoria are situated within close proximity to rivers. In many 
cases this developed from early European settlements, where living within proximity of fresh 
water sources was essential. It was not long before settlers identified preferred areas to cross – 
these being the gentle grades and shallow waters of floodplains – and thus communities then 
towns and cities grew on the banks of rivers (Williams and Finlayson, 1999). Nowadays, 
(excluding the needs of farmers), reticulated tap water and contemporary communications has 
generally diminished the need for riverbank settlement. Even so, people continue to settle 
along riverbanks and in floodplains (Vogt et al., 2008) for a range of amenity reasons and 
employment opportunities. 
 
There have been attempts by government to prevent people from settling in on known 
floodplains such as the Victorian Drainage of Land Act 1975, which allowed land at risk of 
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inundation to be proclaimed as “land liable to flooding”. This Act encouraged “wise and 
appropriate land use” as a long-term solution and allowed drainage authorities to control 
development on floodplains. However, it failed because of a lack of appropriate data, which 
led to a tedious decision making process (Williams and Finlayson, 1999). The Water Act 
1989 replaced the Drainage of Land Act 1975 with the intent of reducing the amount of power 
drainage authorities had over classifying land use. The new legislation proved to be overly-
complex and too focused on reducing exposure to loss by land use controls (Smith, 1999; 
Williams and Finlayson, 1999). In 1998 another strategy was initiated by the State Flood 
Policy Committee and published by the Department of Natural Resources and Environment 
(Department of Natural Resources and Environment, 1998). This strategy differed from 
preceding strategies and legislation as it focused more on the implementation of structural 
solutions for flooding and on the degree of participation and consultation by local 
governments, as well as the use of Catchment Management Authorities (CMAs). Although 
this strategy recognised the need and importance of addressing all elements of the total flood 
warning system, it was limited as its focus was primarily on data collection and forecasting 
(Victorian Flood Warning Consultative Committee, 2005a). The most recent Victorian Flood 
Management Strategy (due to be released in June of 2009) focuses on non-structural solutions 
that recognise the value of floodplains and their processes as well as the economic and social 
benefits that flow from their development. The emphasis is on modifying how floodplains are 
developed (i.e. the human interface) rather than on modifying the floodplains so that they can 
be developed (Victorian Flood Warning Consultative Committee, 2005a).  
 
As a step towards improving the management of flood warnings in Australia, various agencies 
have been established over the years. This includes the State/Territory Emergency Service 
(S/TES) which, in 1989, was formally designated as New South Wales’ combat agency for 
flooding (Keys, 2001). Prior to this, the Commonwealth Government supported the 
establishment of the Victorian Flood Warning Consultative Committee (VFWCC) in 1988 
(Bureau of Meteorology, 2001). The VFWCC is the key coordinating authority for achieving 
effective development and performance. It is comprised of representatives from the: Bureau 
of Meteorology (BoM) Regional Director for Victoria (chair) and representatives of the 
Bureau’s Victorian office and Head Office; Rural Water Authorities; Victoria State 
Emergency Service; Local Government; Melbourne Water; Catchment Management 
Authorities; DNRE / DPI; and other State and government agencies (Bureau of Meteorology, 
2001). The BoM is responsible for providing warning services for most major rivers in 
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Australia (Bureau of Meteorology, 2001)
2 
and in Victoria the SES is responsible for flood 
response (Haley, 2007). 
2.2.2 Impacts of flooding 
Flooding affects all states and territories in Australia and is the most costly of all natural 
hazards experienced in the nation (Bureau of Transport and Regional Economics, 2001, 
2002). Those affected by flooding are at risk of economic and social impact of varying 
degrees which are brought by either direct or indirect experience or both (Emergency 
Management Australia, 1999). Such impacts are a result of: 
• Direct damage to property and buildings, contents of buildings, infrastructure, 
drainage systems, power and water supplies, agricultural crops, livestock and 
parklands; 
• Indirect losses through the disruption of economic activity, including trade and 
transport; 
• Stress and anxiety inflicted upon those affected by floods and those who bear risks; 
and 
• Injury and death 
(Emergency Management Australia, 1999: 1). 
 
The average annual cost of floods, for the years since 1967, in Australia is approximately 
AU$315 million (Bureau of Transport and Regional Economics, 2001, 2002) (at the time of 
writing this thesis, these were the most up to date figures available from the BTRE). However 
other estimates are closer to the AU$400 million mark
3
 (Elliot, 1997). Flooding may not be as 
sensational as other natural hazards such as bushfires or cyclones, but the total inflicted 
financial cost surpasses all other natural hazards (Figure 2.1) (Bureau of Transport and 
Regional Economics, 2001). On average, five lives are lost each year due to floods in 
Australia (Elliot, 1997). 
 
                                                
2 This is a cooperative service between the BoM and other government authorities, such as the State/Territory 
Emergency Service (S/TES), water agencies and local councils. 
3 According to Smith (1999) published estimates tend to be under-estimated due to the data being confined to 
direct damage and disregarding indirect and intangible losses which add significantly to the direct losses.  
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Figure 2.1 Total and insurance costs of natural disasters inflicted upon Australians between 1967 and 
1999 (estimates are in 1998 dollars). Flooding has been the costliest of all natural disasters. Source: 
Bureau of Transport and Regional Economics (2001:34). 
 
Of all States and Territories, New South Wales endures the largest percentage of this cost and 
is followed by Queensland, then Victoria (Bureau of Transport and Regional Economics, 
2001). The impact of the 1955 New South Wales floods was so great that the event led to a 
number of institutional changes including the formation of the SES (Keys, 2001), and the 
establishment of a hydrometerological service within the BoM (Elliot, 1997). Other large-
scale events include the 1974 Brisbane floods which left an estimated 13,000 buildings 
affected in Brisbane and 1,800 buildings partially or completely inundated in Ispwich (Elliot, 
1997). The estimated cost of flooding in Australia in 1974 was the costliest on record at 
AU(1998)$2.9 billion (Bureau of Transport and Regional Economics, 2001). Twelve lives 
were lost (Elliot, 1997). During this event, a flood warning system, developed in 1966, was 
proven to be effective and predictions were on target. It has been identified that the problem 
with this particular event was the lack of attention and effort in disseminating warning 
messages (Brown, 2002:285). Similarly, and more recently, 85% of business owners in 
Kempsey (New South Wales) who experienced major flooding during 2001 were dissatisfied 
with warning efforts (Gissing, 2002). The main reasons for this dissatisfaction included some 
business owners not receiving any official warnings, and warnings not being issued early 
enough for people to make preparations (Gissing, 2002).  
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Other major and costly flood events occurred in 1990 (affecting all mainland eastern states), 
1993 (affecting New South Wales and Victoria), 1998 (inundating various locations in the 
north and east of Australia) and 2008 (affecting Queensland). The floods of 1990 (April/May) 
were particularly damaging, as all mainland eastern states of Australia were heavily flooded. 
Following the 1974 floods, the floods of 1990 were the costliest to date (Bureau of Transport 
and Regional Economics, 2001). According to Emergency Management Australia (2003), the 
1990 floods covered a total area of more than one million square kilometres throughout 
Queensland and New South Wales and a smaller area in Victoria (in a separate extreme flood 
in Gippsland). Two country towns, Charleville in Queensland (population: 3200) and Nyngan 
in New South Wales (population: 2500), were completely evacuated. There were also 
evacuations in smaller urban centres in Gippsland, Victoria (Handmer, 2000). With little or no 
preparation or planning, much live stock, much equipment and personal belongings were lost 
or damaged. The 1990 Gippsland floods claimed seven lives, caused 60 injuries and left 5000 
temporarily homeless. The total estimated cost of the 1990 floods was just over AU(1998)$1 
billion (Bureau of Transport and Regional Economics, 2001). The costs of this event were 
still being met five years later (Bureau of Transport and Regional Economics, 2001). Studies 
carried out after the Gippsland floods of April 1990 identified the need for improvements in 
two major areas:  
• Delivering early flood warnings; and 
• Community education and awareness relating to behaviour before and during 
flooding (State Emergency Service, 1996). 
These areas were listed as a priority in the current Victorian flood warning service 
development plan (Victorian Flood Warning Consultative Committee, 2005b).  
 
A growing concern is over the expected increase in intensity and frequency of future flooding. 
There is mounting evidence suggesting that this will be a consequence of greater and more 
frequent storm events caused by climate change (Victorian Department of Sustainability and 
Environment, 2004). In Victoria, rainfall trends show that the intensity of extreme rainfall 
events has increased over the last 90 years and is expected to continue increasing (Victorian 
Department of Sustainability and Environment, 2004). Regardless of these trends, people are 
either ignoring or are unaware of potential effects of climate change and continue to settle 
along lower reaches of watercourses (such as the Yarra and Maribyrnong Rivers in 
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metropolitan Melbourne) and coastal community areas (such as Lakes Entrance in eastern 
Victoria).  
2.3 FLOOD WARNING ISSUES 
This section provides a review of flood warning issues that are relevant to this study. The 
areas of concern primarily revolve around communicating flood warnings and associated 
risks, and the construction and dissemination of effective warning messages.  
 
Flood warning issues that are of greatest relevance to this research and that will be discussed 
in this section include: 
• How should warning messages be constructed and disseminated so that the majority 
of those at risk are reached and motivated to react positively? 
• How can knowledge sharing and cooperation between communities and authorities 
be improved? 
• Is the extent of public awareness and education adequate? 
• How can predictions be best interpreted into terminology that the public understand 
and respond to? 
• How can inter-organisation communication and cooperation be improved? 
The issues listed have been identified as problem areas by various authorities and experts 
including Handmer (2000), Keys (2001), Betts (2003), Baker et al. (2005), Keys and Cawood 
(2007), and McPherson (2003). The main focus here is on the construction and dissemination 
of warning messages, and to a lesser degree, public awareness and education. Other issues 
listed are being explored in this chapter because they are concerned with the interaction 
between and within community groups, the general public, and authorities. This is relevant 
because understanding the needs of communities helps design warning messages that mean 
something to the public (Betts, 2003). Although this research does not deal directly with 
issues related to the interpretation of predictions, it has been included here because the 
public’s understanding of the risks they face also depends upon quality interpretations (Keys, 
2001; Opper and Rutledge, 1999). 
 
Other Australian flood warning issues that are of equal importance but will not be discussed 
here are: 
• Variations in standards throughout each of the states/territories; 
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• Integrated floodplain management; 
• Private and corporate ownership of warning systems; 
• The quality of design flood estimates; and 
• Multi-agency ownership. 
These issues are not discussed in this thesis because they are beyond the scope and focus of 
this research as they relate to policies, internal agency operations, data and weather forecasts.  
 
Before beginning a discussion on relevant issues, the Australian Total Flood Warning System 
(TFWS) will be discussed briefly. The term ‘Total Flood Warning System’ is used to describe 
what a flood warning system should be and how it should operate. The overall concept of the 
TFWS aims to rectify the imbalance between technology driven and social science driven 
areas within flood warning (Emergency Management Australia, 1999). This research is 
concerned with stages of the TFWS that have been neglected due to more attention being 
given to technical forecasting stages (Victorian Flood Warning Consultative Committee, 
2005b). The neglected stages includes ‘message construction’, ‘communication’, and 
‘protective behaviour’. All stages will be discussed in the section 2.3.1. 
2.3.1 The Total Flood Warning System 
Effective flood warning is a process that deals with technology as well as social and 
community mechanisms (Drobot and Parker, 2007; Emergency Management Australia, 1995). 
Achieving balance between both processes is a challenge, as it requires the integration and 
simultaneous coordination and sharing of data, knowledge and information between different 
agencies and community groups. To address this challenge, the concept of an Australian Total 
Flood Warning System (TFWS) was published by Emergency Management Australia in 1995 
(Emergency Management Australia, 1995, 1999). The TFWS aims to strengthen the 
management of flood warning in Australia. This includes addressing the needs of flood prone 
communities while at the same time providing a high level of accuracy and timeliness in 
warning forecasts (Emergency Management Australia, 1999). The TFWS is concerned with 
riverine flooding, however the principles apply across a range of flood types.  
  
There are six primary stages of the TFWS: prediction; interpretation; message construction; 
communication; protective behaviour; and review (Figure 2.2). Prediction and interpretation 
are mathematical/hydrological and analytical stages. Information collected from these stages 
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is used to construct warning messages. These messages are then communicated to the public 
and protective behaviour is encouraged. The final stage examines and evaluates the entire 
process for improvement. Table 2.1 summarises each of these stages. This research focuses on 
issues belonging to the message construction, communication and protective behaviour stages 
of the TFWS. These stages are shown in bold in Table 2.1.  
 
Figure 2.2 The Total Flood Warning System model. Image taken from Emergency Management 
Australia (1999:8). 
Table 2.1 Summary of each stage in the TFWS (Emergency Management Australia, 1999). Stages of 
greatest concern to this research are in bold text in the table. 
Over the years there has been a growing concern over the lack of attention given to the 
message construction, communication and protective behaviour stages of the TFWS (Betts, 
2003; Handmer, 2000; Parker and Handmer, 1998). This concern was reinforced in 2005 in 
the most recent Victorian review of community flood awareness (Victorian Flood Warning 
STAGE DEFINITION 
Prediction Detecting changes in the environment that lead to flooding, and predicting river levels 
during the flood 
Interpretation Identifying in advance the impacts of the predicted flood levels on communities at risk 
Message 
Construction 
Devising the content of the message that will warn people of impending flooding 
Communication Disseminating warning information in a timely fashion to people and 
organisations likely to be affected by the flood 
Protective 
Behaviour 
Generating appropriate and timely actions from the threatened community and 
from the agencies involved 
Review Examining the various aspects of the system with a view to improving its performance 
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Consultative Committee, 2005b) which reported that many at-risk communities were not 
entirely aware of the threat they face and are therefore ill prepared. The previous assessment 
of flood warning service development needs across rural, provincial and metropolitan Victoria 
was completed by the Victorian Flood Warning Consultative Committee and documented as 
the first Flood Warning System Development Plan in 1994 (Victorian Flood Warning 
Consultative Committee, 1994) and was updated in 1997 (Victorian Flood Warning 
Consultative Committee, 1997). The Flood Warning System Development Plans of 1994 and 
1997 were focused on improving the prediction and interpretation stages of the TFWS. As a 
result there have been notable improvements to the accuracy of predictions and quality of 
interpretations (Robinson and McKay, 2003). However, this assessment was deemed limited 
by Baker et al. (2005) as it focused primarily on the hydrological data collection and flood 
forecasting stages of the TWFS. The latest (at the time of writing this thesis) Victorian review 
(Victorian Flood Warning Consultative Committee, 2005b) emphasises improving the 
community and social components of the flood warning process.  
 
Section 2.3.2 begins the discussion on issues that are relevant to this research. 
2.3.2 Constructing and disseminating the warning message 
Constructing a message and disseminating it to the public are vital parts of any flood warning 
system. However, resource allocation has favoured areas of flood warning that deal with 
structural and mathematical forecasting aspects and little research has gone into understanding 
what makes a good warning message. As a consequence, people have difficulty in finding 
meaning in messages sent or are simply not receiving messages. This neglect has been 
acknowledged in the current flood warning development plan for Victoria (Victorian Flood 
Warning Consultative Committee, 2005b) and recommendations have been made for 
improvements to how messages are constructed and communicated. Additional challenges in 
this area include finding ways of deciphering technical terminology so that it is meaningful to 
the public, finding appropriate dissemination modes and formats that are up to date with 
modern means of communication, and how to communicate any uncertainties in the 
information. These will be looked at in this section. Understanding the community’s needs is 
a valuable approach in addressing these challenges, however this will be looked at in section 
2.3.3. 
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The effective communication of a flood warning message requires the message to be designed 
and disseminated in a manner which is suited to those at risk so that the message is 
understood, reaches those at risk quickly and prompts a reaction that will minimise damages 
and maximise safety. This involves knowledge (on the part of the message giver) of the flood 
problem including the physical dimensions, the communities at risk, and an understanding of 
how these communities are affected by floods (Emergency Management Australia, 1999). As 
set out in the best practice guide to flood warning in Australia (Emergency Management 
Australia, 1999), messages should be based on the needs of those at risk and should be in a 
language familiar to those expected to take action. The source of the message must also be 
credible (such as the BoM or a State or Territory Emergency Service)  
 
The warning message is the necessary link between the knowledge acquired by the experts 
and the information the lay public need to know in order to take necessary precautions. It is 
important that the message clearly communicates information about what is happening, where 
it is happening, what the flood prediction means to the targeted audience and what the 
members of the audience should do (Emergency Management Australia, 1999; Sorensen, 
2000). It is also essential that when designing and constructing a message, the content is 
concise, ordered and jargon is avoided (Emergency Management Australia, 1999). A common 
problem is the interpretation of technical terminology into layman terms. This was more of a 
problem in the past when flood risks were communicated as probabilistic quantities and for 
many people, probability concepts are hard to grasp, misinterpreted and misleading (Penning-
Rowsell and Handmer, 1990). For example, the statement “1 in 100 year flood” means that a 
flood that has a 1 per cent chance of being equalled or exceeded in any single year 
(Emergency Management Australia, 2009). However this statement is generally and 
incorrectly understood to mean an occurrence of once in every 100 years . 
 
As a means of avoiding jargon and improving message clarity, flood categories: Minor; 
Moderate; and Major (definitions provided in Table 2.2) were introduced where textural 
descriptions replaced statistics (Bureau of Meteorology, 2001). These flood categories contain 
general information that is not specific to the location at risk. Several Australian local 
government areas such as the LaTrobe Shire (LaTrobe Shire, 1999) and The Rural City of 
Wangaratta and Alpine Shire (Rural City of Wangaratta and Alpine Shire, 2001) have made 
coloured booklets where each flood category (Minor, Moderate and Major) is put into 
perspective by listing landmarks and streets that would be effected by floodwaters that fit into 
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each flood category (Figure 2.3). The booklets have been distributed to all households within 
towns of participating government areas, such as Wangaratta and Myrtleford, for use as 
reference if floods or heavy rain is forecast. 
 
Table 2.2 Flood category definitions as defined by the BoM (Bureau of Meteorology, 2006) 
 
WHEN MINOR FLOODING OCCURS 
Ovens River begins breakout upstream of the Myrtleford 
Township; 
Standish Street Floodway at Myrtleford active; 
Wangaratta IBM industry area paddocks flooded; 
Wangaratta Apex Park commences flooding; 
... 
 
WHEN MODERATE FLOODING OCCURS 
King River causeway at Cheshunt commences flooding; 
Upper Edi-Cheshunt Road inundated; 
Buckland River flooding at Wallace Drive; 
Myrtleford township and upstream rural commences flooding; 
... 
Figure 2.3 Example of how ‘minor’ and ‘moderate’ flood activity is described in a brochure distributed 
to households in the Ovens, King and Fifteen Mile Creek catchments. Examples taken from Rural City 
of Wangaratta and Alpine Shire (2001:5). 
 
Some have suggested that customised or personalised messages could improve the public’s 
understanding and response to warning messages (Handmer 2000; Keys 2004; Keys & 
Cawood 2007; Sandman 1987). However it is difficult to effectively communicate customised 
and personalised messages via commonly used dissemination modes (radio, fax and 
television) to a large number of people simultaneously, as each scenario would need to be 
read or listed, thus requiring the receiver to go through the time consuming process of sorting 
through a list before finding information most relevant to them for every update. According to 
CATEGORY DEFINITION 
Minor Causes inconvenience. Low lying areas next to watercourses are inundated 
requiring the removal of stock and equipment. Minor roads may be closed and 
low level bridges submerged. 
Moderate In addition to the above, the evacuation of some houses may be required. Main 
traffic routes may be covered. The area of inundation is substantial in rural 
areas requiring the removal of stock. 
Major In addition to the above, extensive rural areas and/or urban areas are inundated. 
Properties and towns are likely to be isolated and major traffic routes likely to 
be closed. Evacuation of people from flood affected areas may be required. 
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Australia’s best practice guide to flood warning (Emergency Management Australia, 1999) 
and Keating (2005), the following information should be contained within a flood warning: 
• The time left before floodwaters arrive or reach certain heights (Emergency 
Management Australia, 1999); 
• When the flood will arrive and whether it is day or night (Emergency Management 
Australia, 1999); 
• How long the flood will last (Emergency Management Australia, 1999); 
• Where the water will come from and where it will go (Emergency Management 
Australia, 1999); 
• The depth and velocity of the expected floodwaters (Emergency Management 
Australia, 1999); 
• Who will be affected by the flooding (Keating, 2005); and 
• Information and advice needed to know so as to respond effectively (Keating, 
2005). 
With all of this information in a warning, a visual and digital interface (as proposed in this 
thesis) might be better suited, as users could view all scenarios simultaneously and also have 
access to customised flood information by interacting with a map.  
 
In addition to the list given in the previous paragraph, uncertainties in data should also be 
included in a warning message. Warning messages are the interpretation of forecast 
predictions, meaning there will be uncertainties. The types of uncertainties that should be 
communicated include crucial times and dates as well as the location and flood extents 
(Handmer, 2000). Although there are continuous efforts being made by the BoM to improve 
forecasts and predictions (Kazazic et al., 2005), it is difficult for authorities to have total 
certainty of the outcomes. Even so, Keys and Cawood (2007) make the point that although 
flood information may not be perfect, this does not mean that it is not valuable. 
(Communicating uncertainties in risk information is further discussed in chapter 3, section 
3.3.2.4.) 
 
Australia’s best practice guide for flood warning lists two types of dissemination modes in use 
in Australia (Emergency Management Australia, 1999:46). These are ‘general’ and ‘specific’ 
(Table 2.3 lists dissemination modes for each type). General modes are those that are mainly 
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represented by the mass media. Specific modes are those that are particular to householders, 
businesses, primary produce or other individuals, groups or organizations. 
 
General  Specific   
 Radio  Telephone 
 Television  Facsimile 
 The Internet  Loud hailers 
 Notice boards  Doorknocking 
 Newspapers  Community networks 
Table 2.3 ‘General’ and ‘specific’ modes of flood warning dissemination (Emergency Management 
Australia, 1999:46). 
The two modes, ‘general’ and ‘specific’ are complementary where specific warnings reinforce 
and confirm general warnings, and when possible both modes should be used (Emergency 
Management Australia, 1999:45). Modes that are popular and most used vary. In Victoria, 
community and tourist radio stations are the main source for flood warnings for many flood 
affected river catchments in Victoria, such as the Ovens and King River catchments 
(McPherson, 2003). Studies published by the National Research Council (2000) in the United 
States of America (USA) found that television is by far the main source for obtaining weather 
information. Drobot and Parker (2007) state that newer technologies such as the Internet 
should not be overlooked as primary sources as the popularity of these technologies is 
increasing (the Internet will be discussed in more detail in chapter 5 as it is being examined as 
a flood warning dissemination mode in this research). The “media” can also be helpful in 
spreading warning messages, however, there is concern over the intentions of the media and 
how much of their efforts are aimed towards serving the best interests of the community and 
not just propagating propaganda (McCamish, 2005). 
 
Finding the best-suited format and dissemination mode for a community is difficult as present 
day communities are heterogeneous. People within communities range in gender, age, cultural 
background, education, awareness and the language they use to communicate. In the context 
of flooding, people will also range in their emotional stake in the flood-prone area as well as 
their level of flood awareness and safety education. Variations in a community add to the 
challenge of identifying a community’s needs. Identifying a community’s needs and concerns 
can help flood warning authorities find the best risk communication approach for that 
community. This requires cooperation between the community and authorities through 
consultation, education, commitment and trust. The importance of this has been stressed by 
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numerous experts including Betts (2003), Keys (2004), Handmer (2000), McPherson (2003) 
and Pfister (2002) and will be discussed in section 2.3.3. 
2.3.3 Cooperation between communities and authorities 
In order to fulfil the requirements of a Total Flood Warning System, there needs to be 
cooperation between communities and authorities (Keating, 2005; Keys, 2004; McPherson, 
2003). In relation to the research in this thesis, this section looks at how cooperation and 
community involvement can help improve the community’s understanding and receipt of 
flood warning message content. Handmer (2000) makes an excellent point in stating that “it is 
difficult – if not impossible – to answer questions about local needs, priorities and access 
properly without consulting the people involved” (Handmer, 2000:7). This section also gives 
reasons for why cooperation can be difficult to achieve.  
 
Consulting the community helps authorities obtain valuable information via local knowledge 
that is difficult to collect using technical means of data collection. Local knowledge is 
qualitative data and is generally an observation of the nature of the floodwater at different 
times during the flooding period. When local knowledge is integrated with quantitative data 
such as river heights, rainfall and velocity, it has been found that community members have a 
better understanding, and responses to a warning message (Office of the Emergency Services 
Commissioner, 2006; Soste et al., 1997). An example of this is in the town of Benalla in 
Victoria. After flooding hit the town in 1993, a high degree of community consultation 
commenced. As a result, flood warning messages are now written so that they cater to the 
community’s needs (Soste et al., 1997). The messages take flood information from the BoM 
and convert it to community benchmarks or icons such as bridge deck heights and landmarks 
such as markings on trees. The next floods following the 1993 floods in Benalla were in 1996 
and allowed all that was learnt during community consultation several years earlier to be 
applied. It was found that after the 1996 floods, flood forecasts and warning messages were 
understood by community members who responded positively to the information with greater 
success than in 1993 (Soste et al., 1997). Post-event community feedback was also positive 
(Soste et al., 1997). For more examples of where community consultation has been 
advantageous in different towns in Australia, please refer to the report by the Bureau of 
Transport and Regional Economics (2002). 
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In addition to local knowledge, understanding a community’s culture can “significantly assist 
the incorporation of community warning principles into an integrated system” (Betts, 
2003:41). Betts (2003) provides two Victorian cases – Ferny Creek and Coode Island – of 
where community consultation gave insight into the social networks and dynamics of a 
community using face-to-face interviews, focus group discussions and exploratory meetings 
with local community organisations. The outcomes of the studies encourage ‘bottom-up’ 
approaches to warning system design where there is “a focus on the needs and interests of 
community rather than just on technological solutions” (Betts, 2003:45). There are very few 
additional studies to Ferny Creek and Coode Island for different parts of the state. A reason 
for this, given by Betts (Betts, 2003), is because of the “long-held view” within the 
emergency management sector that local knowledge and culture studies are not required for 
emergency management or community warning. In contrast to this, a reason for why 
community consultation is generally minimal in emergency management is given by 
Lundgren and McMakin (1998) who point out that consulting and involving the community in 
decisions regarding the design and a delivery mode of a message can complicate the decision-
making process, as the contribution to the knowledge pool is greater and therefore more 
opinions need to be considered. Although the research presented in this thesis does not 
directly address issues related to the use and collection of local knowledge, it does examine 
the use of the Internet for flood warning and information sharing.  
 
Cooperation between communities and agencies requires a commitment to both the short-term 
and long-term. Willing community members would be expected to attend meetings, 
workshops and interviews, and complete questionnaires and surveys. This can be difficult for 
those who have little time to give outside of their everyday lives, but dissatisfaction with prior 
warning efforts can often motivate a community’s interest and commitment, which can result 
in positive outcomes, as was the case in Benalla after the October 1993 floods (Soste et al., 
1997). In addition to time commitment, other obstacles to community and authority 
cooperation includes gaining clarity – at the authority end – on responsibilities for engaging in 
community consultation and involvement programs (Victorian Flood Warning Consultative 
Committee, 2005b) and determining who is to commit funds towards conducting such 
programs (Soste et al., 1997).   
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In some cases where the community members feel that authorities are not meeting the 
community’s needs or expectations, unofficial warning systems are established. Unofficial 
warnings systems, as defined by Parker and Handmer (1998:47), are: 
“warning systems that are designed by local communities through leadership 
from within the community; evolve in an entirely un-designed fashion through 
need, trial and error; or emerge, as required, using pre-existing 
networks…people warn those within their personal networks”. 
The value of unofficial warning systems has been emphasised in Parker and Handmer (1998) 
who identify cases where unofficial warning systems have benefited communities at risk. 
Similarly, prior studies by Perry and Greene (1982), Sorensen and Gersmehl (1980) and Ikeda 
(1982) have also stressed the advantages of unofficial warning systems. Findings include that: 
• The number of warnings an individual is likely to receive increases with a greater 
level of community involvement (Perry and Greene, 1982); 
• Neighbourhood involvement in communicating warnings seems to improve 
evacuation rates (Ikeda, 1982); and 
• Networks generated by a few individuals contributed more to the efficiency of the 
entire warning network than the formal system (Sorensen and Gersmehl, 1980). 
The existence and benefits of unofficial warning systems are well documented. The major 
challenges are in the fusion of unofficial warning systems with formal systems (Drottz-
Sjoberg, 2000). 
2.3.4 Public awareness and education 
The aim of flood awareness and education is to provide people with flood information that 
could potentially save lives and reduce property damage. Studies by the Bureau of Transport 
and Regional Economics (2002) have shown that communities that are aware of and prepared 
for floods have greater success in reducing damage to goods and property, and that repeated 
impacts will heighten a community’s level of preparedness (Scanlon, 1990; Sullivan, 2003). 
Australia’s best practice guide to flood warning suggests that education programmes need to 
draw upon the ‘community memory of flooding’ and be consciously maintained, sometimes 
for long periods, between episodes of flooding (Emergency Management Australia, 1999). 
This requires long-term commitments to education programmes and campaigns. This section 
looks at the importance of community flood education and awareness and what might prevent 
successful programmes and initiatives. 
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The benefits of education programmes and campaigns have been acknowledged in Australia 
as a measure of reducing flood losses (Bureau of Transport and Regional Economics, 2002). 
Although education and awareness have not been high on the list of priorities in emergency 
management in the past (Betts, 2003), it has been listed as a priority in the current Victorian 
Flood Warning Service Development Plan (Victorian Flood Warning Consultative 
Committee, 2005b). Already, long-term educational programmes and initiatives are in place 
in Victoria such as in the Shepparton-Mooroopna area and in Benalla. The Shepparton-
Mooroopna initiative makes use of historical/design flood markers, educational information 
for schools, and regular reminders in Council newsletters, local newspapers and electronic 
media (Crapper et al., 2005). The Benalla programme – FloodSmart – was developed 
between VICSES staff, the Benalla Rural City and community volunteers. Community 
engagement was a large part of the development process with monthly meetings scheduled 
over a period of 18 months (Haley, 2007). The aims of the programme were to initiate a 
process of behavioural and cultural change, to raise the level of understanding of how to 
prepare for floods and to create a more informed community. The Internet is used in both the 
Shepparton-Mooroopna and Benalla programmes for the distribution of static information as 
well as children’s games, but not for the dissemination of real-time warnings.  
 
An evaluation of a pilot education and awareness programme for Benalla showed that it had 
considerable impact in raising some aspects of community preparedness and increasing 
adaptive capability, at least in the short term (Molino, 2007). Positive outcomes for education 
and awareness programmes are also apparent in the USA with programmes such as the 
American Red Cross Disaster Community Education Programme (Filderman, 1990). In 
Britain, the value of long-term education and awareness programmes have been recognised 
with the National Flood Warning Centre that has invested in a ten year programme based on 
the social marketing approach (Environment Agency, 2004; Handmer, 2000). Although 
education and awareness is generally seen as vital to overall risk communication processes, 
there have been doubts as to whether public education programmes actually make a 
significant difference in increasing human response to warnings (Sorensen, 2000). This is 
particularly the case in the United States as there is no conclusive evidence that hazard based 
education programmes work which leaves some to question whether they are worth the 
investment of already scarce funds (Sorensen, 2000). However, most flood education and 
awareness programmes of the past have “generally been poorly designed and delivered in a 
relatively ineffective, ‘top-down’ manner” (Dufty, 2008:4). New approaches to education and 
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awareness opt for greater bottom-up activity via community engagement and consultation 
(Betts, 2007; Dufty, 2008). As mentioned in section 2.3.3, for any education programme to be 
a success, there needs to be a high level of commitment from agencies involved.  
 
In addition to ‘bottom-up’ programmes and agency commitment, a well-designed education 
program needs to also consider the delivery and timing of programmes, as this can influence 
the way a person or community behaves. Research by Skinner (1953) showed that behaviour 
brought on intermittently and at variable-intervals is the most difficult to change (cited by 
Wilson (1990)). Wilson (1990:55) points out that “this is exactly the nature of flood events. 
Thus floods can positively or negatively reinforce appropriate or inappropriate behaviour”. 
In addition to this, Wilson suggests that positive individual and community behaviour should 
be encouraged immediately after a flood. However, flooding in Benalla (Victoria) showed 
that attempting to educate the public in the aftermath of a flood does not guarantee a positive 
reaction (Soste et al., 1997). After the 1993 floods, letter drops were made to affected 
households that informed residents of how to deal with carpets drenched with floodwater. 
Many people complained that they never received this information. Some who received the 
information did not bother to read it (Soste et al., 1997). Keating (2005) rationalises the 
situation and points out that it is not surprising that those traumatised do not read this type of 
information, and if they do, do not retain much of what they read. Keating (2005) also makes 
the point that the outcome could have been improved if a more sophisticated dissemination 
mode was used where the information reached those at risk through direct communication. 
Mediums such as the Internet and mobile phones might be more effective in the storage and 
retrieval of such information (Drobot and Parker, 2007).  
 
A good example of where the Internet played an important role in message distribution was in 
New Orleans during Hurricane Katrina in 2005. People were spreading risk messages as well 
as discussing the situation with others in New Orleans and to thousands outside the city, using 
an Internet blog (http://mgno.com/) before, during and after the storm (Barnett, 2005). 
Although the storm had devastated much of the cities utilities, Internet hosting company Zipa, 
operated during the Hurricane using a 750-kilowatt diesel generator. They were able to 
connect to the rest of the world using a fibre optic connection buried deep beneath the city 
streets (Johnson, 2005). For more examples of how Internet blogs and forums are benefiting 
those threatened by risk, refer to Palen et al. (2007). 
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Other obstacles that can hinder education and awareness programmes include population 
changes, staff turnover, community perception and the time that has passed since the last 
major flood. Sullivan (2003) makes the point that those who are infrequently impacted by 
floods may develop an overly confident attitude that another flood will not occur anytime 
soon, hence weakening their level of preparedness. The infrequency of floods as well as staff 
turnover can also make it difficult to build expertise within agencies (Keys and Cawood, 
2007). In addition to this, when the time between major floods is lengthy, other agency 
commitments can quickly take priority and can sway the commitment of government 
resources from floods to other natural hazards or matters in need of urgent attention (Keys, 
2006). 
2.3.5 Interpretation of predictions 
Although this research does not deal directly with issues related to the interpretation of 
predictions, it has been included because of the link between good quality interpretations and 
the public’s understanding of the risks they face. A good quality interpretation will take 
technical flood warning information (generally numeric) and convert it into a format or 
phrasing that is meaningful to non-experts. Issues discussed in this section relate to data 
availability and access as well as resource allocation.  
 
A flood prediction is the height of a river at a particular time and location and is usually 
expressed as: 
• A precise value (eg. 12.3 metres); 
• A range (eg. 12.0 and 12.5 metres); 
• Being above a particular critical value (eg. greater than 12.0 metres); or 
• A class of flooding (minor, moderate or major) (Emergency Management Australia, 
1999). 
In most areas, it is the role of the BoM to provide such predictions. But predictions alone will 
not motivate protective action from the public, therefore they need to be interpreted (Keys, 
2001). This is the role of State emergency management agencies, police, and local 
government groups. The interpretation must be shaped so that those at risk understand what 
the prediction means to them (Handmer, 2000). This requires that the interpreter has access to 
comprehensive collections of pre-flood and post-flood data, of river heights, at various points 
in the area at risk; good knowledge of the nature of flooding in the area of concern; as well as 
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a grasp of the relationship between river heights and the spread of floodwaters. Those 
interpreting the prediction must also have a reasonably good understanding of the community 
at risk so to tailor the information as best as possible to those at risk. 
 
In order to have comprehensive data collections, records must contain flood information that 
provides a detailed account of the rising river heights (mainly before inundation), the amount 
of rain experienced, the spread of the water, water depths at various locations, water velocity 
at various locations, the source of flooding (assuming more than one stream surrounds the 
area at risk), description and cost of damage and any fatalities. The infrequency and lengthy 
periods between some flood events can make flood data collection problematic, especially if 
there have been personnel changes where new employees are unfamiliar with data collection 
procedures and flood history for the area (Keys, 2004), or when residents with local 
knowledge move away to another town or city (Baker et al., 2005). This can cause collections 
to be either patchy or non-existent (Bureau of Transport and Regional Economics, 2002; 
Keys, 2004; Weinmann and Mein, 1999). However, data collection networks are improving 
with technologies such as the combination of Doppler radar with new processing systems 
(Kazazic et al., 2005; Williams and Finlayson, 1999) and satellite communications (Elliot, 
1997). In Victoria, data is being collected through extensive flood studies. An example of this 
is a flood study completed by engineering firm Sinclair Knight Merz (Sinclair Knight Merz, 
2000) for the town of Myrtleford which was commissioned by local government.  
 
At present the installation and maintenance of flood warning systems is a collaborative effort 
between all three levels of government. The capital cost of equipment, installation and 
implementation of a telemetered flood warning system is equally shared by the Federal and 
State governments. In order for the funds to be approved, the State and/or local agency must 
accept responsibility for full maintenance and replacement costs (Department of Transport 
and Regional Services, 2006). The costs involved with continuing warning systems are high 
and require the investment of considerable and commitment in the venture. If all three levels 
of government do not cooperate or work together to achieve overall goals, the required 
funding is not allocated (Bureau of Meteorology, 2001). There are some local government 
authorities who do not wish to be equipment ‘owners’ or mangers of monitoring contracts for 
upgraded networks. Instead these local government authorities arrange for the relevant 
Catchment Management Authority to take on the management role on their behalf (Bureau of 
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Meteorology, 2001). Inter-organisation communication and cooperation is examined in more 
detail in section 2.3.6. 
2.3.6 Inter-organisation communication and cooperation 
This section looks at issues related to poor communication between key agencies who deal 
with flood information. This includes problems with information sharing, clarifying agency 
roles, a need for stronger participation and commitment from local agencies and the ongoing 
issue of funding. Although this topic is not a major focus of this research, it is an important 
starting point for getting vital information into the public arena and for that reason this topic 
has been included.   
 
In order for the right flood warning content to be communicated to the public, information 
must be passed through and shared by various agencies. Handmer (2000) attributes poor 
information sharing to an inability of agencies to see how their internal tasks fit into the 
bigger picture of inter-organisation communication. This problem could be due to there being 
no real ownership of the entire flood warning system, compounded by there being many 
different agencies involved from all three levels of government: Federal, State and Local 
(Elliot, 1997). Smith (1999) makes a point that the involvement of so many agencies 
complicates institutional arrangements, therefore requiring further adjustments and continual 
changes to mitigation strategies. This is also discussed by Soste et al. (1997) who attribute 
poor communication and corporation between agencies to a lack of:  
• Appropriate institutional arrangements (“I thought you were looking after that?”); 
• Pre-event planning (“Who am I supposed to give this information to?”); and 
• Community awareness (“What the hell does 6.3 metres at the gauge mean?”). 
In addition to this, Handmer (2000) sees a lack of shared meaning as an obstruction to 
effective communication between agencies. 
 
An ongoing problem relating to agency cooperation is the lack of clarity in the roles of 
particular agencies. Even though the roles and responsibilities of particular agencies during 
flood times have been allocated (Table 2.4), confusion still arises. A workshop conducted by 
the Victorian Flood Warning Consultative Committee in 2005 raised the issue that there is 
still considerable uncertainty regarding the roles and responsibilities of stakeholder agencies, 
particularly in relation to the interpretation of forecast heights (Victorian Flood Warning 
Consultative Committee, 2005b). Baker et al. (2005) are of the opinion that the questions of 
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who does it, how it is done and how the resulting ‘value-added’ information is communicated 
to the at-risk community in a beneficial and digestible way is largely unanswered within 
Victoria. A reason given for this is that responsibilities for different flood scenarios may vary 
(Emergency Management Australia, 1999:27). Although the agency roles are outlined in 
Australia’s best practice guide for flood warning (Table 2.4), the most appropriate practice for 
different scenarios has not been documented. 
 
RESPONSIBILITY AGENCY 
Prediction  For rural Victoria: Bureau of Meteorology; 
 For the Greater Melbourne area: Melbourne Water. 
Interpretation  Victorian State Emergency Service, local government and Catchment 
Management Authorities 
Dissemination  BoM direct to State/Territory Emergency Service and other state and 
regional agencies and to public through media;  
 State/Territory Emergency Service and local government to local 
communities;  
 Supplementary arrangements involve Melbourne Water and other 
water authorities. 
Response  State/Territory Emergency Service supported at local level by Local 
Government and Police. 
Table 2.4 Current organisational responsibilities for flood warning and response in Australia (Elliot, 
1997; Emergency Management Australia, 1999). 
 
The role of local governments and municipalities has always been important in effective flood 
warning. This is because it is expected that agencies at a local level will have a good 
understanding of river and creek systems and therefore can provide valuable insight into 
whether flooding will be of a concern or not, and thus inform the public accordingly 
(Emergency Management Australia, 1999:27). However there have been cases where local 
government have shown a weak commitment to their flood warning responsibilities. An 
example of this is during inter-agency consultation after the 1993 floods in Victoria, which 
involved the BoM requesting feedback by distributing surveys to Victorian Municipalities 
(Baker et al., 2005). The surveys had a forty three percent return rate, but some Municipalities 
with well-known flood problems did not return the questionnaire. The response rate from 
areas with few flood risks was markedly higher than from those with a higher flood risk 
(Baker et al., 2005). Smith (1999) emphasised the need for greater commitment from local 
government and suggested that local agencies should adhere to policies which attain state and 
national goals, thus working towards a better sharing of information. Greater local 
government involvement has also been recommended by the Victorian Flood Warning 
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Consultative Committee in their current review of flood warning in Victoria (Victorian Flood 
Warning Consultative Committee, 2005b). 
 
The issue of funding is only briefly mentioned here as it is not a direct concern in this 
research. As mentioned in section 2.3.5, the lack of funding for flood warning systems is a 
long-standing issue at all levels of government. Funding allocated to flood mitigation has 
always been an issue in Victoria and as Williams and Finlayson (1999) point out, the success 
of any policy depends on political will. Politicians must inject the required funds and 
resources into policies at all levels of government in order for flood warning systems to come 
into effective practise. 
2.4 CHAPTER SUMMARY 
To summarise, this review has explored a range of issues in flood warning practice. It covered 
topics related to message construction, cooperation between the general public and flood 
warning authorities, public awareness and education, interpreting predictions and inter-
organisation communication and cooperation. Issues of most concern in this research relate to 
the design of the message and finding a means of disseminating the message so that it is 
accessible by the public and personally relevant. However, within the topics discussed there 
were several overlapping issues including community involvement, customisation and 
personalising messages, understanding community needs, and information sharing and 
funding.  
 
In addition to the overlapping issues, the literature review also identified concerns that seem 
to be perpetuated by dominant matters of data, resources, and agency responsibilities. These 
concerns tend to be dependent upon the involvement of local councils in the warning process. 
How involved local councils are in the process depends upon the allocation of resources 
(funding and staff) from higher tiers of government, the availability of flood data and overall 
motivation to improve local flood warning procedures. To a small degree this research will 
deal with the matter of data collection through local knowledge. Matters related to resources 
and the allocation of agency responsibilities are beyond the scope of this research.  
 
The next chapter of the literature review looks at risk communication. Although a vital part of 
the TFWS, risk communication is a growing field (almost a discipline in its own right) with 
an extensive range of issues. For the sake of simplicity and clarity, issues related specifically 
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to risk communication have been organised in a separate chapter. The issues discussed in the 
next chapter includes community involvement, trust, belief, uncertainty, and attracting the 
attention of those at risk. 
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CHAPTER 3 COMMUNICATING RISKS TO THE PUBLIC 
 
 
3.1 INTRODUCTION TO CHAPTER 
As stressed in the last chapter, risk communication is a vital part of the Australian Total Flood 
Warning System (TFWS) and spreads across three out of six stages of the TFWS – these 
being ‘message construction’, ‘communication’ and ‘protective behaviour’. Some issues 
within these stages of the TFWS were discussed in the last chapter, however this chapter 
further discusses risk communication issues that are related to these three stages of the TFWS. 
Issues discussed in this chapter include: community involvement in the risk communication 
process; gaining the public’s trust; public belief of what is being communicated; 
communicating uncertainties in risk communication; and constructing risk communication 
messages so that they attract the attention of the public.  
 
Risk communication is a disciplinary field that is an important part of the overall risk 
management and risk assessment processes (Pidgeon et al., 1992). It is through risk 
communication that information sharing occurs between authorities – both scientific and 
organisational – and the public. Ideally risk communication is a two-way communication 
process between the initial communicator and the receiver, where information can be shared 
and knowledge gathered so that informative decisions can be made concerning the risk at 
hand. It evolved out of early work by psychologists in the 1970s and 1980s on risk 
perceptions and is an important component of the risk management process. Empirically, risk 
communication is still developing and is not a well-grounded field where validation is lacking 
in terms of the effectiveness to meet set goals or in the capacity to avoid unintended 
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consequences. However, there is an abundance of literature where opinions are expressed and 
theoretical frameworks proposed which address the various issues in risk communication.  
 
To deal with the broad spectrum of risks within various studies, traditionally risks have been 
grouped as belonging to one of the three categories: natural; technological; and social. This 
research is concerned with risks and communicating those risks that emanate from a natural 
hazard – floods. However, this review also includes examples of risk failure in technological 
and social hazards as many of the issues are shared between all three categories.  
 
This chapter begins with definitions for relevant terminology: risk; hazard; communication; 
risk communication; and risk perception. This will be followed by a summary of issues within 
risk communication and then a more specific look at risk communication issues that are 
relevant to this research.  
3.2 DEFINITIONS 
Here the terms risk, hazard, communication and risk communication have been defined. How 
these terms are defined can vary depending upon context and disciplinary field. This research 
is concerned with communicating the risks of flooding therefore all definitions are within the 
context of emergency management. 
3.2.1 Risk 
Risk is commonly defined as a statistical quantity or probability (Warner, 1992). This is 
contrary to the opinion of most social scientists who see risk as also being a social construct 
of multi-dimensions where considerations regarding human behaviour need to be made 
(Luhmann, 2005; Warner, 1992; Wisner et al., 2004). This is supported by Emergency 
Management Australia, who state in their guide to Risk Management that risk is “generated 
by the potential for a source of risk to interact with an element of the community and 
environment” (Emergency Management Australia, 2004:27). How risk is defined is 
influenced by circumstance. This makes it difficult to find a universal definition. 
Anthropologist Mary Douglas argues that nowadays risk simply means danger and serves the 
forensic needs of a new global culture, in politicizing and moralizing the links between 
dangers and disapproved behaviour (Douglas, 1990; Pidgeon et al., 1992). 
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Risk experts Penning-Rowsell and Handmer (1990) offer a comprehensive review on the 
“problematic definition” of risk. They find the definition of risk to generally be placed in any 
of three categories: 
• “Those concerned solely with the occurrence probability of the damaging event – a 
statistical concept; 
• Those embracing both event probability and the degree and type of damage or 
potential damage. Here risk is seen as the product of event probability and the 
severity of impact; and 
• Those where the emphasis is on the distribution of power within society, and on the 
distribution of costs and benefits. In other words, who bears and who imposes the 
risk?” (Penning-Rowsell and Handmer, 1990:6). 
 
The Australia/New Zealand Standard for Risk Management provides a broad definition for 
risk that is concerned with “risk as exposure to the consequences of uncertainty” 
(Australian/New Zealand Standard, 2004:5). The Standard defines risk as: “the chance of 
something happening that will have an impact on objectives. It is measured in terms of 
consequences and likelihood” (Australian/New Zealand Standard, 2004:3). From social 
scientists’ perspective, there are serious difficulties in attempting to view risk as a one-
dimensional objective concept since risk perception is “inherently multidimensional and 
personalistic, where particular risks or hazards mean different things to different people and 
different things in different contexts” (Warner, 1992). Beer and Ziolkowski (1995) agree that 
the opinions of the public should underlie the evaluation of risk, but also make a point that 
there is no agreement upon how to ascertain the opinions of the public so that they can be 
used reliably as the basis for risk evaluation. The definition of risk adopted here will be that of 
Beer and Ziolkowski (1995:3) who define environmental risk as: “the probability of an event 
causing a potentially undesirable effect”.  
3.2.2 Hazard 
A hazard is something that can cause harm to those that are vulnerable. Examples of hazards 
include floods, bushfires, electricity, chemicals and stress. The Australian/New Zealand 
Standard definition and the definition that will be adopted here for hazard is: “a source of 
potential harm or situation with a potential to cause loss” (Australian/New Zealand Standard, 
2004). Hazards can be physical, chemical, biological, ergonomic (including mechanical) and 
psychosocial. The difference between a hazard and risk is that a hazard is the source of 
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possible harm whereas risk is the chance that someone will be harmed by the hazard. Hazard 
identification is the first step in the risk assessment process, and is purely qualitative whereas 
risk identification can be both qualitative and quantitative.  
3.2.3 Communication 
Communication is the passing of information from one body to another. Good communication 
occurs when the process of interaction is multi-directional and the information shared 
motivates information receivers to react positively to the information in the message. A 
simple model for communication between two people, A and B is shown in Figure 3.1 where 
Person A begins an interaction by sending a message to Person B. This involves encoding 
(turning a thought into symbols) and then sending the message through a particular medium. 
Person B receives the message decodes it (e.g. reads the words / hears the words) and then 
interprets it, and makes meaning out of it. Person B then responds to Person A. The ‘medium’ 
(shown on Figure 3.1) refers to the space between persons A and B (such as a telephone line 
or a video link). Noise is any interference to the message (Emergency Management Australia, 
2001). 
 
 
 
Figure 3.1 A simple model for communication (Source: Emergency Management Australia, 2001: 4). 
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3.2.4 Risk Communication 
Risk communication is  
“an interactive process of exchange of information and opinion among 
individuals, groups and institutions. It involves multiple messages about the 
nature of risk and other messages, not strictly about risk, that express concerns, 
opinions, or reactions to risk messages or to legal and institutional arrangements 
for risk management” (National Research Council, 1989:21).  
Although the National Research Council (1989:21) definition was first published over 25 
years ago in 1982, it is widely accepted and commonly referred to in literature on risk 
communication such as Krimsky (2007), Lundgren and McMakin (2004), Kasperson et al. 
(2003) and Bartels and Nelissen, and will be used as the definition for risk communication in 
this thesis.  
 
The objective of risk communication, according to Covello (1992), is primarily, to establish 
trust and credibility when they are low. Rose (1999) adds that achieving trust and credibility 
depends upon four factors: caring, competence, honesty and dedication. Rose (1999) also adds 
that of all four factors caring is of most value and it is important that recipients perceive that 
the communicator is a good listener, is interested in their needs and is concerned with their 
welfare. In most situations, a decision about caring and empathy is made in the first 30 
seconds of communication, and then is almost impossible to change (Rose, 1999:279).  
 
Fischhoff (1995), offers a speculative account of risk communication that summarises how 
the process of risk communication has progressed where each stage builds on its predecessors. 
In his summary, Fischhoff points out that investing and improving upon that which is already 
known can achieve further progress along the developmental stages. The four factors listed by 
Rose (1999) (caring, competence, honesty and dedication) are a part of Fischhoff’s (1995) list 
of developmental stages in risk decision-making (Table 3.1).  
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 All we have to do is get the numbers right 
 All we have to do is tell them the numbers 
 All we have to do is explain what we mean by the numbers 
 All we have to do is show them that they’ve accepted similar risks in the past 
 All we have to do is show them that it’s a good deal for them 
 All we have to do is treat them nice 
 All we have to do is make them partners 
 All of the above 
Table 3.1 Developmental stages of risk decision-making as defined by Fischhoff 
(1995:139) 
 
There are many forms of risk communication (Figure 3.2). Lundgren and McMakin (2004) 
have divided risk communication along functional lines (environmental, safety and health) 
that distinguish between care communication, consensus communication and crisis 
communication (Figure 3.2). Each of these three forms of risk communication have common 
fundamentals but use different ways of communicating messages to respective audiences. 
This research is concerned mainly with crisis and care communication. Crisis communication 
is risk communication in the face of extreme and sudden danger. During this type of 
communication, communication can occur both during and after the emergency. Care 
communication is concerned with the communication of health and safety risks with a 
primary aim of educating audiences. Consensus communication aims to inform and encourage 
groups to work together to reach a decision about how risks should be managed. All three 
forms (care, consensus and crisis) require the identification of stakeholder perception and 
concerns (Lundgren and McMakin, 2004). This research has the potential to expand into 
consensus communication via the Internet with such facilities as forums, blogs, emails and 
virtual ‘chat rooms’.  
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Figure 3.2 Examples of various types of risk communication (Lundgren and McMakin, 2004:4) 
 
A key part of risk communication is risk perception (because of the complexity of risk 
perception, it will only be discussed briefly here. For more information see Pidgeon et al. 
(1992) and Spurgeon (1999)). Risk perception is a field that focuses on ways in which people 
interpret and evaluate the information they receive in order to arrive at their own assessment 
of any risk (Pidgeon et al., 1992; Spurgeon, 1999). Understanding the perception of the risk a 
group of people have can be a complex process as it involves people’s beliefs, attitudes, 
judgements and feelings, as well as wider social or cultural values and dispositions that 
people adopt. In addition to this, perceiving risk is multi-dimensional, with particular hazards 
meaning different things to different people (Pidgeon et al., 1992). This applies to both 
physical characteristics of a hazard as well as social and organisation factors such as the 
credibility and trustworthiness of risk management institutions (Pidgeon et al., 1992). 
 
Risk perception is a highly subjective activity, however researchers have found a number of 
persuasive biases that should be given attention during the development of risk 
communication systems. They include availability or vividness, representativeness and 
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conservatism (Marks, 1990). Availability or vividness is of most importance to this research 
as it refers to: the emotional interest of information; its concreteness; and its dependence upon 
sensory, spatial and temporal proximity. Information which is vivid, readily available and 
accessible has the most impact (Marks, 1990; Nisbett and Ross, 1980). The design of the 
geographic visualisation tools developed for this research takes aesthetics and attracting 
attention into consideration, as it is a key component in the framework designed as a part of 
this research and which is discussed further in chapter 5, section 5.3.4. 
 
To summarise, section 3.2 provided definitions for risk, hazard, communication, risk 
communication as well as risk perception. The next section provides a summary of issues in 
risk communication, followed by a review of issues most relevant to this research. 
3.3 WHY IS RISK COMMUNICATION FAILING? 
Communicating risks to the public effectively is generally a difficult task. Modern day 
communities are comprised of people whose values differ and hold individual frames of 
reference with respect to hazards, as shaped by their individual perceptions. A major ongoing 
challenge for risk communicators is gaining an understanding of how the communities at risk 
perceive risk and their level of interest in the risk at hand as well as finding the best way to 
warn, inform, reassure or persuade stakeholders of the dangers they face. As well as facing 
challenges related to the public, risk communicators also face a number of organisational 
constraints relating to such things as resources, management and apathy.  
 
There is an abundance of literature written on the topic of risk communication covering areas 
including (and among others) education and awareness, message design, psychology, 
technical warning systems, policy and politics. In this section, firstly a general overview of 
areas of concern will be given. This will be followed by a more detailed review of risk 
communication issues being addressed in this thesis including issues and constraints dealing 
with community involvement, trust, belief, uncertainty, message design and gaining attention. 
Effective message dissemination is an important part of risk communication and was 
discussed in Chapter 2, therefore will not be discussed in Chapter 3. 
3.3.1 Summary of issues 
Risk communication is a process adopted by a wide variety of disciplinary areas. Many of the 
issues in risk communication are commonly spread throughout a range of disciplines. Scanlon 
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(1990) offers five general reasons as to why risk communication often fails listing human 
error as the major reason. Other reasons given by Scanlon (1990)  include: 
• The hazard is not identified; 
• The warning comes too late; 
• The warning system fails for technical reasons; and 
• It is not clear what should be done. 
Recognising human failure as the major reason for risk communication failure is supported by 
studies at the Emergency Communications Research Unit at Carleton University in Ottawa, 
Canada. These studies showed that human error from both individuals and agencies is the 
most common reason for warning failure. Human failure is characterised by an inadequate 
effort to meet an objective such as messages that are not issued, warnings that are ignored and 
messages that are not received. A list of examples of where warnings have failed because of 
human error in flood warning is offered by Parker and Neal (1990). Scanlon (1990) provides 
several speculative reasons as to why human error is the cause of warning failure, including 
ignorance due to other priorities in life taking the limelight, lack of belief, lack of trust, being 
unaware of the dangers and low motivation to act accordingly. These reasons are commonly 
found among literature (Douglas, 1985; Fritz, 1961; Keys, 2001; Lee, 1986; Pidgeon et al., 
1992). 
 
Handmer (1990) delves deeper into the issues of human error by looking at, mainly, attitudes 
and behaviours of those at risk and the communicators. These issues revolve around raising 
awareness and persuading people to take protective action. Although the issues discussed by 
Handmer are specific to risk communication in flash floods, most are also found in other 
fields. The issues and concerns raised by Handmer are summarised as a list in Table 3.2.  
 
 The process of risk communication 
 Identifying the audience 
 Getting attention (or overcoming competition) 
 Message acceptance 
 Understanding the message 
 Credibility (believing the message) 
 When salience is high 
 Inappropriate response 
 Evaluating success 
Table 3.2 Issues in risk communication as identified by Handmer (1990). 
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The broad range of issues within risk communication prompted research in 1995 by the 
Centre for Environmental Communication at the Rutgers University, New Jersey to find what 
research would be most important to improve agencies’ risk communication practices. In 
doing this, 54 researchers and 66 practitioners were surveyed. Three high priority areas were 
identified including greater community involvement in decision making, acknowledging 
different social and cultural groups so to communicate to each group accordingly, and 
evaluating risk communication. Research topics within each research area are listed in Table 
3.3. 
AREA OF RESEARCH RESEARCH TOPIC WITHIN AREA 
Integrating social, political, economic, and values-based concerns into 
agency decision-making 
Usefulness of different approaches to shared decision-making 
Involving communities 
in environmental 
decision making 
 
Building community consensus beyond active participants 
 
Communicating effectively to different social groups 
Defining needs of minority communities for participation in environmental 
problem solving 
Effect of culture on individuals’ perception of risk 
Communicating with 
different social and 
cultural groups 
 
Ways to sensitize agency staff to the needs of minority communities 
 
Documentation and evaluation of risk communication successes and 
failures 
Determining the informational wants and needs of audiences 
Development of evaluation methods 
Evaluating risk 
communication 
 
Relative effectiveness of different communication messages, strategies, and 
channels 
 
How laypeople process risk communication messages 
Determining how and why individuals and societal and cultural groups 
confer (or withdraw) trust in people and organisations 
Other topics 
 
Impact of media messages on risk perception 
Table 3.3 High priority risk communication research areas and related topics (Chess et al., 1995). 
 
A broader summary of risk communication issues is given by Lundgren and McMakin (1998) 
who examine various constraints, both from the communicator and from the audience. Table 
3.4 summarises various constraints identified by Lundgren and McMakin. These constraints 
can be classed into several different issues concerned with politics, apathy, bureaucracy, 
management, human perception, trust, uncertainty, belief, ignored concerns and 
misunderstanding the message.  
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CONSTRAINTS 
On the Communicator From the Audience For communicator and audience 
ORGANISATIONAL CONSTRAINTS 
Inadequate resources  
Management apathy or hostility  
Difficult review and approval 
procedures  
Conflicting organisational requirements  
Insufficient information to adequately 
plan and set schedules  
 
EMOTIONAL CONSTRAINTS 
Unwillingness to see the public as an 
equal partner  
Inability to see differing value systems  
Belief that the public cannot understand 
science  
 
Hostility and outrage  
Apathy 
Mistrust of risk 
assessment 
Disagreements on the 
acceptable magnitude of 
risk 
Lack of faith in science 
and institutions 
Learning disabilities 
 
Out-dated information 
Keeping up with changes 
 
 Table 3.4 Risk communication constraints (Lundgren and McMakin, 1998). 
3.3.2 Risk communication issues related to this research 
The research presented in this thesis is concerned with the public’s attitude, acceptance and 
understanding of flood warning messages, as well as finding an effective dissemination mode 
for the messages. As mentioned in the introduction to this section, risk communication issues 
of greatest concern here are those associated with community involvement, trust, belief, 
message design, gaining attention, and uncertainty. A discussion on each of these topics 
follows. Message design and dissemination are a vital part of communicating risk but will not 
be discussed here as these topics were covered in the previous chapter. 
3.3.2.1 Community involvement 
The involvement of the community in the overall flood warning process was discussed in the 
last chapter in section 2.3.3 and examples were given that demonstrated how community 
consultation could influence the outcomes of flooding. Here, community involvement is also 
discussed but in the broader context of risk communication.  
 
The level of community involvement in the risk communication process has been a topic of 
debate for many years. Traditionally, the risk communication process would require 
government bodies to make decisions about what constitutes risk and then appropriate 
agencies dictate decisions to the public. The public’s involvement in the formal decision 
making process has been minimal and in many cases non-existent. As a consequence, 
communities’ needs were unknown and warnings were issued that are meaningless to 
communities. The emphasis on increasing public participation in the risk decision making 
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process is intensifying (Betts, 2003; Pidgeon et al., 2003; Wisner et al., 2004) and efforts are 
being made to improve this (Betts, 2003; Fischhoff, 2004).  
 
It seems natural to involve the target audience in the decision making process when defining 
the risk and choosing the best-suited means of communication. After all, it is those at risk 
who can offer the most reliable information regarding needs, experiences and feedback. Why 
then is there generally little community involvement in decisions of risk and risk 
communication?  
 
O’Riordan (1990) acquaints this weak link to overriding government power (overt and covert) 
and control where the consequence upon stakeholders is vulnerability (a state of 
powerlessness) (O'Riordan, 1990). When covert power is exercised over a person or group, 
the powerless believe that they are acting through choice and self will and are unaware that 
they are being manipulated (O'Riordan, 1990). Unsettling this level of control generally 
arrives from a breach of trust (trust will be examined in section 3.3.2.2).  
 
As mentioned earlier, many are of the opinion that community involvement in the risk 
communication process is a positive move toward a better risk communication system (Betts, 
2003; Fischhoff, 2004; Keys, 2004; Wisner et al., 2004). Contrary to this Lundgren and 
McMakin (1998) suggest that stakeholder participation in the decision making process is not 
necessarily going to be effective. The involvement of communities in the decision making 
process is usually a long-term proposition which can be resource exhaustive and can further 
complicate the situation (Lundgren and McMakin, 2004). In addition to this Lundgren and 
McMakin (2004) make a point that stakeholder participation can also have a detrimental 
effect upon an organisation if commitment from stakeholder participation is poor. Similarly, 
Pidgeon et al. (1992) raise the issue of how much involvement should the public have in the 
decision making process and how do we gauge this level involvement. Scillio (2002) 
emphasises that before determining the degree of community participation, terms as 
‘community’ (“who is the community?”) should be clarified, and emergency managers need 
to be clear about what they are doing when they say they are “consulting the community”. 
 
Understanding a community can be a powerful tool in establishing a best-suited risk 
communication process for that community. This is emphasised in the ‘Cultural Theory’ 
which was proposed by anthropologist Mary Douglas (1985). The basis of the Cultural 
Geographic visualisation tools for communicating flood risks to the public 
 50 
Theory is that human attitudes towards risk and danger are not homogenous but vary 
systematically according to cultural biases. Pidgeon et al. (1992:112) summarise the cultural 
basis as “that which shapes the risks that groups choose to identify, in ways that cannot be 
explained by individual psychology or by natural science analysis of ‘objective risks’”. Thus, 
by understanding the social values and trends within a community, emergency officials gain 
better insight into what risks are deemed important and what risks are not seen as important 
by groups (Drottz-Sjoberg, 2000). 
 
In the opinion of O’Riordan (1990) the push for greater community involvement has arrived 
from: 
• A demand for the public to be better informed and for people to self-assess the risks 
or hazards they face; 
• Distrust of “official expertise”;  
• A shift of blame on disliked or misunderstood management and regulation; and 
• Lack of faith, trust and alienation after risk communication failure, even when 
safety measure may be more than adequate. 
 
Further to this, and, as mentioned in the introduction of this section, a study by Chess et al. 
(1995) identified the involvement of communities as a priority research area within risk 
communication. The identification of these problems has prompted pragmatic studies looking 
at challenges concerned with community involvement in the decision making process (Betts, 
2003; McPherson, 2003). These challenges were met by avoiding “tokenistic approaches” 
such as resident surveys that are used to obtain an opinion (Betts, 2003) and top-down models 
of community participation (King, 2002). Instead community awareness programs included 
consultation programs, open workshop forums and personalised workshop forums 
(McPherson, 2003). In one case, community involvement in the decision making process led 
to the development of a community warning system where a bottom-up model of community 
participation was supported (Betts, 2003).  
3.3.2.2 Trust 
For the stakeholder to respond to a warning message there needs to be trust between the 
communicator and the receiver and vice-versa. Building this trust can take time, particularly if 
risk communication has failed in the past. A reluctance to trust usually brings about a level of 
uncertainty and doubt as to whether to believe the source again.  
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In the words of Pidgeon (1992:123) “trust is hard to gain but easy to lose”. Gaining trust 
from the public is a challenge for all communicators, particularly if the source’s track record 
is unsuccessful. As a consequence, the public’s confidence in the source is compromised and 
unless reason for previous failures are clearly explained, an impression of the communicator 
“crying wolf” will be left with the public. This was the case in Coonamble, New South Wales 
in 1998 where there was strong evidence of flood levee failure. State Emergency Service 
(SES) members informed houses in low-lying areas of the situation, but the levee did not fail 
(Keys, 2004). The SES were criticised for their poor judgement in the local paper. This type 
of reaction from the public can lead to a fear of public ridicule within the communicating 
agency and a lack of confidence regarding whether or not the information should be revealed 
to the public. (Keys, 2004).  
 
As well as effectively communicating the risks, a warning message needs to clearly 
communicate any known uncertainties. When uncertainties are not communicated and the 
predicted outcomes do not come to fruition, the public will interpret the warning as a failure 
as they were not informed of any uncertainties (Pidgeon et al., 1992; Rose, 1999). Similarly 
misleading and erroneous information, propaganda, information that conflicts with local 
belief, ambiguous messages, poorly executed messages and competing messages all 
contribute to a loss of trust between stakeholders and communicators (Handmer, 1995; 
Lundgren and McMakin, 2004; Rose, 1999). Uncertainty in risk communication is discussed 
in greater detail in section 3.3.2.4.  
 
In order to gain trust from the public, the public need to be made to feel that they are in 
control of their decisions and are not merely being told what to do (O'Riordan, 1990). 
Fischhoff (1995) holds a similar view and suggests a range of considerations that should be 
made in order to gain trust. This includes showing the public that:  
• They have accepted similar risks in the past; 
• It is a good deal for them; 
• They are being treated nicely; and 
• They are being made partners.   
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Research by Lee (1986) and as summarised by Pidgeon et al. (1992) suggests that the 
credibility of the communicator is critically dependent upon the trust placed in him or her by 
the community. To avoid hostility from the public, Handmer (1990) and, Lee (1986) stress 
that messages need be communicated early, are on-going, are open and honest. Similarly, the 
communicator needs to trust the public. In some cases there is reluctance of governments to 
trust or listen to the public’s concerns. This was the case in Townsville, Queensland where 
long-standing members of the community could see that flooding in the area was more 
frequent and extensive over time but these concerns were dismissed by the local government 
until major flooding of 1998 (Cottrell, 2006).  
3.3.2.3 Belief 
Convincing or persuading the public that the content of a warning message should be believed 
is becoming a greater challenge. Past experiences, personal perception, community and social 
influence, contribute to how credible the situation sounds and if the source should be 
believed. 
 
There are many cases where perception and past experiences are influencing decisions over 
science. An example of this is during the 2001 Grafton floods in New South Wales. As the 
Grafton floods intensified, emergency officials were advised to evacuate the town’s 12,000 
residents. Although the levees were not overtopped, fewer than 10 per cent of the population 
actually left the city during the evacuation period. A large portion of residents surveyed who 
did not evacuate did not leave because they believed they were not under threat as they lived 
in areas believed to be on higher ground in Grafton (Pfister, 2002). Pfister believes this is a 
positive move by the public as questioning warnings demonstrates that the public accept that 
there are levels of uncertainty in  warnings. (Uncertainty will be discussed in section 3.3.2.4). 
However if the levees had overtopped, the situation would have been far worse for the town. 
Post-flood findings suggest that greater education and public awareness would improve the 
public’s faith in communicating agencies (Pfister, 2002).  
 
Another issue associated with belief is the intermittent and infrequent nature of some hazards. 
Infrequent occurrences can sway a community’s readiness to fall away to the point where 
people believe the problem has been “solved” and no longer exists (Keys, 2001). People come 
to believe that their everyday life is safe and therefore cast off and become ignorant of any 
high risks (Douglas, 1985). Mitigation structures such as flood levees can encourage this 
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perception as people come to believe that the levees will protect them from any harm (Keys, 
2001). In addition to this, the events of daily life can take priority over awareness of risks, 
particularly infrequent risks (Keys, 2001; Smith, 2000). Education and awareness campaigns 
can help improve the public’s understanding of a hazard but infrequent hazards, particularly 
those where events span over decades, can add to the challenge. This is a particular worry in 
towns that have experienced residential growth and have dynamic population growth (Baker 
et al., 2005). Frequent hazards can also affect the belief that an event will occur, as was the 
case in Cambridge, Ontario in Canada in 1974 when a city engineer was told of flood danger. 
Cambridge gets harmless, minor floods every year so the engineer ignored the warning and 
informed no-one. The town was inundated with larger floods than normal (Leech, 1975).  
 
In addition to the issues discussed, paranoia can also be a problem if people start believing 
that they are at serious risk when in reality the risks are minimal or non-existent. Such false 
beliefs can be detrimental to an individual’s mental and physical health. For example, 
research by Baum (1987) shows a high level of traumatic stress in individuals that believe 
they have been exposed to a toxic substance, but have actually not been exposed.  
 
There have also been cases where the communicators lacked belief in warnings issued by the 
Bureau of Meteorology (BoM) in Australia. Keys (2004) reports a case where SES volunteers 
rejected BoM flood predictions in favour of making their own predictions, based on upstream 
gauge readings and advice from landholders. Keys (2004) warns of the dangers of rejecting 
science as the reliability of local knowledge and lore is questionable since they are based on 
the memory of events that may have occurred many years in the past.  
3.3.2.4 Uncertainty 
Risk assessment is not an exact science and therefore uncertainties are expected. Uncertainty 
represents factors about a hazard that are not completely known. It is important that these 
uncertainties are identified and communicated to the public so that the dissemination of 
misleading information is avoided (Handmer, 1995). Communicating uncertainties openly to 
the public has been shown to increase the perceived credibility and trustworthiness of the 
information source (Johnson and Slovic, 1995). Handmer closely relates risk communication 
and uncertainty by stating that “risk communication is really about how to communicate – or 
perhaps more accurately to negotiate – uncertainty in the context of conflicting values and 
agendas, and competing messages” (Handmer, 1995:88).  
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A major challenge in communicating uncertainties is finding ways to interpret technical 
information into terminology that the general public will understand. This is difficult because 
data involving uncertainties in risk is generally mathematical and detailed and therefore 
requires much simplification before it is given to the public. Simplification of large, technical 
documents can be hard to do without compromising information on uncertainties. For 
example, the almost 900 page, 2001 report on Climate Change (International Panel on 
Climate Change - Working Group I, 2001) was reduced to a 17 pages summary report. It was 
suggested by National Academy of Sciences in the USA that the summary gave less emphasis 
to uncertainties than the underlying report (Manning, 2003).  
 
Uncertainty is generally expressed as a mathematical quantity or range. However, a study by 
Johnson and Slovic (1995) found that up to 20 per cent of respondents reading news stories 
about risk had difficulty in recognising the presentation of uncertainty in the form of a range 
of risk estimates. Even so, using numbers in messages is not completely discouraged in 
communicating uncertainties. In the context of flooding, uncertainties in the data are 
communicated as a probability of exceedance, for example the chance that a river will exceed 
the major flood level or as a range. Leahy (2007) state that in order for the meaning of 
numbers in messages to be understood by the public, there needs to be close consultation and 
cooperation between the public and authorities so that a best-suited format (including wording 
of the message) of presentation be agreed upon. Part of the research presented in this thesis is 
looking at re-enforcing the meaning behind numbers in warning messages through the use of 
visuals (outcomes are discussed in chapter 9). 
 
It is not always clear to the communicator what the uncertainties are. This can be due to 
missing or unknown data. Expert judgement can suffice in situations where uncertainties are 
unknown, but this can cause conflict between experts which can lead to an impasse (Rose, 
1999). When there is scientific uncertainty, there is usually also scientific disagreement about 
the level of risk or how the data is interpreted. In these circumstances, Rose (1999) suggests 
that the targeted audience be involved with the decision making as they can offer their local 
knowledge.  
 
At times ignorance can come into play and some experts, including Dovers (1995), are of the 
opinion that uncertainty in risk is synonymous to ignorance. Handmer (1995) adds that there 
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are many different types of ignorance including vagueness, ambiguity, deliberate distortion, 
hiding the material and probabilistic error. Similarly, irrelevance can also be used to dismiss 
information that may not seem immediately important (Handmer, 1995; Smithson, 1991). 
Identifying priority information requires an understanding of what is important and what 
works best for that particular community (Handmer, 1995).  
3.3.2.5 Attracting attention 
Risk communication generally involves gaining the attention of those at risk quickly and 
keeping their attention until the message has been received. Attracting attention of 
stakeholders can be a difficult task for various reasons such as competition with every-day life 
priorities (Keys, 2001; Smith, 2000), an over saturation of information (Fischhoff, 1985), 
competing messages (Handmer, 1995), poor message construction (as discussed in section 
2.3.2 in chapter 2), a lack of belief and a lack of trust (as discussed in sections 3.3.2.2 and 
3.3.2.3).  
 
The tasks of every-day life can quickly take priority over matters of hazard, particularly when 
the hazard is infrequent or if the hazard is perceived as being minor. People tend not to think 
or want to think about risks. In the context of flood risk management, it has been observed by 
Keys (2001), Smith (2000) and Douglas (1985) that people tend to allow other areas in life 
take priority over flooding once a levee is in place as they see themselves as being safe from 
any further threats. The consequence of this is that floods no longer seem important and 
awareness and mitigation are overlooked (Douglas, 1985). Studies by Parker and Penning-
Rowsell (1982), which examined the perceived disadvantages of people living in the 
floodplain of the lower Severn River in the United Kingdom, found that only 9 per cent of 
those surveyed thought that living in a floodplain was a disadvantage.  
 
Getting the attention of those at risk requires communicators to compete against the plethora 
of general information thrown at the public in modern-day life. This information includes 
advertising and marketing campaigns that are generally well presented and eye-catching, as 
well as a multitude of every-day, competing news reports. To deal with this overload of 
information, people will simplify and rely more on habit, tradition, the advice of neighbours, 
and on general rules of thumb, instead of trying to think their way through to comprehensive 
solutions (Fischhoff, 1985; Perrow, 1984). Fischhoff (1985) makes a point that simplification 
can help people cope with life’s complexities but can also obscure important safety 
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information. Thus the challenge lies in providing people with enough information to warn and 
prepare them of the expected circumstances while using carefully constructed messages that 
do not overwhelm the receiver (Fischhoff, 1995). Finding ways to organising warning 
information so that it does not overwhelm the user is examined here in this thesis. 
3.4 SUMMARY OF CHAPTER 
This literature review on risk communication outlined the broader issues within risk 
communication before looking more closely at topics relevant to this research including 
community involvement, trust, belief, uncertainty and attracting attention. A summary of each 
of topic discussed is given here. 
 
In regards to community involvement, a general consensus among authors reviewed in this 
literature review advocated greater community involvement in the risk communication 
process (Betts, 2003; Drottz-Sjoberg, 2000; Keys, 2004; Wisner et al., 2004). However there 
were those such as Lundgren and McMakin (1998) who feel that greater community 
involvement can complicate the process, and those such as Pidgeon (1992) who pose 
questions such as “how much community involvement is enough?” and “how do we gauge 
this level of involvement?”.  
 
When it comes to trust, much emphasis is placed on conveying a clear and honest message to 
the public (Handmer, 1990; Lee, 1986; National Research Council, 1989; Pidgeon et al., 
1992). If, for some reason, the communication of information does not satisfy the objectives 
of the communicator, reasons why this happened need to be given to the public to avoid 
further damaging any trust the public have in authorities (Rose, 1999). Raising the level of 
community involvement in the decision making process so to improve trust was also stressed 
(Cottrell, 2006; Fischhoff, 1995; O'Riordan, 1990). 
 
When it comes to belief, the infrequency of a hazard was given as a reason for why some 
might not believe risk information given by authorities (Douglas, 1985; Keys, 2001). 
Infrequent hazards hinder belief of risk information as some members of the public may 
perceive the problem (hazard) to no longer exist, or to have been solved (Keys, 2001). Pfister 
(2002) puts a positive connotation on instances where the public do not believe formal 
warnings by making a point that at least the public are learning of and accepting uncertainties 
in the data by questioning the warnings. 
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The importance of clearly communicating uncertainties has been stressed by Handmer (1995) 
as well as Johnson and Slovic (1995). Missing or unknown data can make it difficult to do 
this. However, Rose (1999) and Leahy (2007) suggests that public knowledge can help fill the 
gaps through greater community involvement and consultation in the risk decision-making 
process.  
 
All the issues discussed in this chapter are relevant to this research however topics that are of 
most relevance are those related to message construction and dissemination. In regards to 
message construction and dissemination, this research aims to investigate a means of 
communicating flood risk messages to the public where community knowledge and needs are 
valued; messages are constructed clearly and honestly; uncertainties are openly presented; the 
dissemination mode is popular (or at least has a high popularity growth trend) and messages 
attract attention. A common request by expert authorities for all issues discussed in this 
chapter is to increase the level of community involvement within the risk management 
process (Betts, 2003; Fischhoff, 2004; Leahy, 2007; O'Riordan, 1990; Pfister, 2002; Pidgeon 
et al., 2003; Rose, 1999; Wisner et al., 2004). The next chapter will discuss how geographic 
visualisation and geographic visualisation tools can help address message construction and 
dissemination concerns discussed in the last two chapters, and includes examples of how 
geographic visualization tools are being used in the area of hazard risk communication. The 
next chapter is the final chapter for the literature review.  
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CHAPTER 4 GEOGRAPHIC VISUALISATION TOOLS 
 
 
4.1 INTRODUCTION TO CHAPTER 
The last two chapters reviewed literature on flood warning in Victoria, and risk 
communication, predominantly focusing on issues relating to constructing and disseminating 
flood warning messages. This chapter looks at the process of geographic visualisation 
(GeoVis) as well as geographic visualisation tools – particularly tools used to communicate 
natural hazard information over the Internet. These subjects have been included in this 
literature review because the use of GeoVis tools for online hazard communication is a large 
part of the research presented in this thesis. In addition to this, it was important to gain an 
understanding of the type and standard of existing tools for online natural hazard 
communication (particularly for floods) to avoid doubling-up on any prior work completed. 
Therefore the last part of this chapter is devoted to examples of existing online natural hazard 
communication tools.  
 
This chapter begins by looking at how GeoVis came to be (starting with visualisation) and 
how computing technology has influenced its growth into a disciplinary field. In addition to 
this, examples are given for visualisation, visualisation that is facilitated by computing 
technology, geographic visualization, GeoVis tools and GeoVis tools on the Internet. 
Examples in the latter category have been included because this research is specifically 
examining the use of tools on the Internet. 
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4.2 VISUALISATION 
The definition for visualisation adopted for this research is: “visualisation is the mental 
formation of an abstract concept” (Dursteler, 2002:online source). Visualisation is a 
cognitive process that is common throughout every-day life. MacEachren et al (1992:101) 
illustrates how visualisation is used in every-day thinking with the following practical 
example: 
“close your eyes for about ten seconds and imagine first an empty stage, then the 
entrance of a single actor. Now, on which side of the stage did your actor enter? 
If you had an answer, you have an understanding of what is meant by 
visualisation” (MacEachren et al., 1992:101). 
A major advantage of visualisation is that it enables the human mind to clarify and organise 
information into knowledge. We are able to apply visualisation to problem solving, pattern 
recognition, and analysis to discover knowledge and therefore communicate this knowledge 
to others (Dykes et al., 2005a; MacEachren et al., 1992).  The difference between 
visualisation and knowledge is that visualisation is a visual process that we can use to gain 
knowledge.  
 
The mental and cognitive processes humans undergo as a means of extracting patterns and 
relationships from data has been used in maps, scientific drawings, and data for over a 
thousand years. Visual insight has contributed to many scientific findings such as Copernicus 
observing the dual components of apparent planetary motion (DiBiase, 1990:2). Mahes 
Visvalingam, a member of the Cartographic Information Systems Research Group at the 
University of Hull noted that even through dreams; a state of unconsciousness, can a “Eureka” 
be heard in science (Visvalingam, 1991:9). This was the case with Kekule, who dreamt of a 
snake biting its tail, which consequently led to the discovery of the structure of the benzene 
ring. Similarly, Nikola Tesla mentally assembled and ran a machine before it had physically 
been created (Wood, 1994). Examples of early visualisation within cartography include: 
Ptolemy’s Geographia – a compilation of what was known about the world’s geography in the 
Roman Empire of the 2nd century (circa 150AD) (Figure 4.1); and Charles Minard’s map of 
Napolean’s invasion of Russia drawn in 1861 (Figure 4.2) which displays several variables in 
a single two-dimensional image.  
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Although visualisation is first and foremost a mental process, the invention of the computer 
had a profound influence on how scientists approached visualisation processes. Computing 
technology presented scientists with a plethora of opportunities for more efficient means of 
experimenting with data and simulating models. In addition to this, computers equipped 
scientists with the ability to build tools (of varying levels of sophistication) that could 
facilitate and enhance visualisation processes (visualisation tools are discussed in section 4.5). 
The research presented in this thesis focused on computer-facilitated GeoVis (which is 
discussed in section 4.4.) as a means of presenting flood risk information and warnings to the 
public. To begin, the next section elaborates on how computers are being used to aid 
visualisation processes.  
 
 
Figure 4.1 The Ptolemy world map, reconstituted from Ptolemy’s Geographia (circa 150). Image taken 
from http://www.wikipedia.org/. 
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Figure 4.2 Charles Minard’s map of Napolean’s march (drawn in 1861). Image taken from 
http://www.wikipedia.org/. 
4.3 INFLUENCE OF COMPUTERS ON VISUALISATION 
The influence of computers on visualisation methods began in the late 1980s after the 
development of the microprocessor. During this time the size and price of computers 
drastically fell and computing power, efficiency, reliability and accessibility improved, 
meaning more scientists had access to a computer (Jones International and Jones Digital 
Century, 1999). As computing power grew so did opportunities for facilitating the 
visualisation and representation of large datasets. Using computers, large datasets could be 
represented and maintenance performed in a fraction of the time taken using pencil and paper. 
To aid in exploring and analysing representations, software and interactive tools were 
developed for creating animations, simulations and photorealistic rendering. In addition to 
this, networks such as the World Wide Web (WWW) created opportunities for improving the 
efficiency of collaborative communication and collaborative visualisation (Fuhrmann and 
Pike, 2005). The benefits of computer-facilitated visualisation were so great that in 1987 
visualisation was controversially redefined as “a method of computing...a new field of 
computer graphics which has the potential to restructure the way science is conducted” by 
McCormick et al. (1987:6) in a report to the National Science Foundation of the USA. This 
view was also shared by computer scientists Haber and McNabb (Haber and McNabb, 1990) 
but was criticised as it dismissed visualisation as, foremost, a mental process (Visvalingam, 
1991). McCormick, DeFanti and Brown corrected the definition they gave in the 1987 
National Science Foundation report, by acknowledging that visualisation is more than a tool 
of computer imaging technology (DeFanti et al., 1989).  
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Supported by examples, this section looks at computer-facilitated interaction, animation, 
simulation and photorealistic rendering, beginning with interaction. More attention has been 
given to interaction as it has greater relevancy to the research presented in this thesis. This 
section also defines other visualisation-orientated fields that have emerged due to the growing 
capabilities of computing technology. 
4.3.1 Examples of computer-facilitated visualisation 
Interactivity has become highly relevant to computer-facilitated visualisation processes. 
Dykes (2005:266) states that “the key defining characteristic of visualisation early in the 21
st
 
century is ‘interaction’”. Interactivity allows users to directly interact with a visualisation and 
dynamically change a representation according to the exploration objectives (Keim et al., 
2005) on both stand-alone computers and those connected to the Internet . The level of 
interaction offered can vary from basic to advanced levels. A basic level of interaction can 
include actions such as zooming, panning and making selections, and is suitable for use by the 
public. The visualisation tools developed as part of the research and presented in this thesis 
require a basic level of interactivity from users – no more than what one would expect if 
surfing Internet sites such as the public online trading site Ebay (http://www.ebay.com) where 
menus, search functions and selections using the mouse and keyboard are standard operations 
of interaction. More advanced levels of interactivity can involve the user inputting data into a 
visualisation system, generating visual representations, plotting data, or using tools to explore 
and analyse data. Higher levels of interactivity are more suited for expert users. An example 
of a visualisation tool that requires a higher level of interactivity is the Cartographic Data 
Visualiser (cdv) (Figure 4.3). With cdv users are able to generate choropleth maps and graphic 
plots of census data from the UK (Dykes, 2005). Cdv was developed using open source 
software meaning that the source code is freely available and allows programmers to read, 
redistribute, and modify the source code. As mentioned earlier, for the tools developed as part 
of the research in this thesis, the level of user interactivity is basic. However, like cdv, the 
tools are a part of an open system (refer to Gahegan (2005) for more on open systems) where 
those who are hosting the system are able to customise and build into the system.  
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Figure 4.3 The cdv user interface. Using UK census data, cdv offers dynamic choropleth maps. Using 
the control panel (left-hand side of image) users can generate multivariate views such as parallet 
coordinate plots (bottom-center of image). Image taken from Dykes (2005:270). 
 
Another advantage of computer-facilitated visualisation is the automated generation of large 
multidimensional and multivariate datasets. Examples of multidimensional and multivariate 
data are tables from relational databases, which often have from tens to hundreds of columns. 
Figure 4.4 to Figure 4.7 show examples of where computer-facilitated visualisation is used to 
represent multidimensional and multivariate datasets in various disciplinary areas including 
meteorology, economics, biology and politics.  
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Figure 4.4 Visualisation of temperature, wind speeds and clouds during the 2000 Olympic and 
Paralympic Games in Sydney, Australia (Wang et al., 2000). A key is provided for the temperature and 
wind speeds (bottom of image). Clouds are shown as grey coloured, 3D shapes (right hand side of 
image). The height of passing clouds is shown on the Z axis. The image is a screenshot from an 
animation that can be watched as a Quicktime movie. Image taken from http://www.vislab.uq.edu.au/. 
 
Figure 4.5 A 3D visualisation of geographically based economic data (Yale University., 2008). The 
screengrab shows a geographically scaled economic dataset containing economic activity for each 1x1 
degree latitude-by-longitude cell on the globe. When viewed using Adobe Flash Player the globe 
rotates. Image taken from http://gecon.yale.edu/ and was uploaded to the Web on June 18, 2008. 
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Figure 4.6 An example of how visualisation can be used to give us an idea of how phenomena that the 
human eye can not see, may appear. The image shows bacteria (coloured blue) within a nutrient 
(coloured green) in turbulent flow (University Corporation for Atmospheric Research., 2005). Image 
taken from http://www.vapor.ucar.edu/gallery/ on June 20, 2009. 
 
Figure 4.7 A visualisation of the political blogosphere showing influential sites and opinion hubs 
debating the US 2008 presidential elections race made using Presidential Watch 08 
(http://presidentialwatch08.com/). The map is interactive and shows a dense network of opinions posted 
by different political communities represented by: Progressive, Independent, Conservative and Mass 
Media (Linkfluence (RTGI Group), 2007). Screengrab taken from 
http://presidentialwatch08.com/index.php/map/ on June 10, 2009. 
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In addition to automation, the representation of large datasets can be animated. Animating 
data or representations can be particularly beneficial for showing change over time and 
searching for patterns, relationships and anomalies in the data. Figure 4.4 is a screen shot of 
an animation showing weather changes over time. Non-interactive animation delivers 
information to the viewer in a set sequence, as each frame of the animation is pre-set and 
therefore ready for watching (Figure 4.8). The screengrab in Figure 4.8 is taken from an 
animated fly-through of the city of New Orleans. It was created using the 3D terrain 
visualisation software – World Construction Set, made by the US company 3D Nature 
(http://3dnature.com/).  
 
Figure 4.8 A screengrab of an animated fly-through of the city of New Orleans. This animation provides 
viewers with an overview of the city’s appearance, at an instance in time, with one press of a play 
button. Image taken from http://3dnature.com/. 
 
Visual representations of simulations are useful when there are holes in the dataset as 
mathematical modelling and data interpolation can help fill those holes (refer to Trembilski 
(2001) for examples). Simulations are also useful in showing phenomena that are not visible 
to the human eye such as representations of bacteria within a nutrient in Figure 4.6 or the 
impact of supernovas on interstellar gas as in Figure 4.9. 
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Figure 4.9 A supernova simulation where the impact of supernovas on interstellar gas is simulated over 
the long term (CSC - IT Center for Science, 2007). Image taken from 
http://www.csc.fi/english/csc/scientific_computing/applications/modelling_universe/index_html. 
 
Because of the diverse range of applications for visualisation, the process can be seen as 
science or art or both (Caquard and Taylor, 2005). An example of where visualisation 
presents a stronger artistic presence is through the photorealistic rendering of 3D terrain and 
objects. Photorealistic rendering is used in various fields ranging from the movie industry to 
medicine to earth sciences (Strothotte and Schlechtweg, 2002). Figure 4.10 shows an example 
of 3D photorealistic rendering of wetlands using the software package, World Construction 
Set. 
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Figure 4.10 An example of photo-realistic rendering of a wetland made using software package World 
Construction Set. Image taken from http://3dnature.com/.  
Computer-facilitated visualisation has enabled the development of tools that allow large 
datasets to be represented, explored and analysed, but it has also paved the way to better 
collaboration and information sharing between groups of people that are geographically 
distributed. Collaboration occurs when participants communicate their knowledge, listen to 
the views of others, explore alternative perspectives, are challenged in their beliefs, and 
challenge others, over a network (Miller and Miller, 1999). Refer to Brodlie (2005) for more 
on collaborative visualisation.  
4.3.2 Emerging disciplinary fields 
Driven by the broadening enhancements in computing capabilities, several visualisation 
oriented disciplinary fields have emerged including geographic visualisation, scientific 
visualisation, and information visualisation. Geographic visualisation encompasses 
approaches from many disciplines including cartography, scientific visualisation, image 
analysis, information visualisation, exploratory data analysis and GIScience to provide theory, 
methods and tools for the visual exploration, analysis, synthesis and presentation of data that 
contains geographic information (Dykes et al., 2005b:4). This research is concerned with 
geographic visualisation and will be discussed in greater detail in the next section. Scientific 
visualisation is:  
“an interdisciplinary branch of science, primarily concerned with the 
visualisation of three dimensional phenomena, such as architectural, 
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meteorological, medical, and biological systems. The emphasis is on realistic 
rendering of volumes, surfaces, illumination sources, and so forth, perhaps with a 
dynamic (time) component” (Friendly, 2008:2).  
Information visualisation is the use of graphic techniques to help people understand, analyse 
and visually represent large-scale data that is non-numeric such as files and lines of code in 
software systems (Eick, 1994). It differs from scientific visualisation as it focuses on abstract 
data sets that do not have an inherent 2D or 3D geometric structure (Card et al., 1999).  
 
As mentioned earlier, the next section explores geographic visualisation including examples. 
Examples will focus on online geographic visualisation tools, particularly those used for 
natural hazard communication. 
4.4 GEOGRAPHIC VISUALISATION 
Since the 1990s geographic visualisation has formally developed as a disciplinary area. 
Advances in technology and computing have largely been responsible for progressing 
geographic visualization methods and techniques, as well as broadening application areas. In 
addition to this, geographic visualisation has proven to be a valuable process in analysing and 
representing the vast amount of data being generated. It is estimated that every year 2 
exabytes of data is generated world-wide of which a large portion is available in digital form 
(Lyman, 2001). This data is often part of large datasets that can be dynamic and collected 
automatically. Much of this data has a geospatial component.  
 
The definition for geographic visualization adopted for this research is: 
“an emerging field that draws upon approaches from various disciplines 
including cartography, scientific visualisation, image analysis, information 
visualisation, exploratory data analysis (EDA) and GIScience to provide theory, 
methods and tools for the visual exploration, analysis, synthesis and presentation 
of data that contains geographic information” (Dykes et al., 2005b:4). 
Geographic visualisation is not restricted to computer-facilitated processes. DiBiase makes a 
point that “a map rendered with the simplest visualisation tools, such as coloured pencils and 
paper…can trigger an abundance of questions” (DiBiase, 1990:3) and Collins (1993) 
documents several examples of where geographic visualisation was used since the 17
th
 
century including Johann Beyer’s star charts in 1603 (the Uranometria) (Figure 4.11) and 
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John Snow’s use of maps to help determine how cholera was being spread in London between 
1853 and 1854 (Figure 4.12). However, since this research deals with computer-facilitated 
geographic visualisation, the discussion and examples provided in this section are on 
computer-facilitated geographic visualisation.  
 
 
Figure 4.11 A star chart from Johann Bayer’s Uranometria – the first star atlas to cover the entire sky. 
Image taken from http://www.daviddarling.info/encyclopedia/U/Uranometria.html. 
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Figure 4.12 John Snow’s map showing cholera deaths in London, 1854. Snow’s map revealed a close 
association between the density of cholera cases and a single water well located on Broad Street. 
Removing the pump handle of the well put an end to the epidemic. Image taken from 
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/E/Epidemiology.html. 
 
In many application domains, much data includes geospatial referencing. Keim (2005) gives 
several examples of this including: credit card purchase transactions which provide both the 
address of the place of purchase and of the purchaser; telephone records which include 
addresses and sometimes coordinates or at least cell phone zones; data from satellite remote 
sensed data which contain coordinates or other geographic indexing; census data and other 
government statistics that contain addresses and/or indexes for places; and information about 
property ownership which contains addresses, relative location infomation, and sometimes 
coordinates. This data can be visualised using appropriate software and tools. These tools may 
already exist or might need to be developed to specifically suit a task. The type of data may be 
1D, 2D, multi-dimensional, text, hypertext, hierarchies, graphs, temporal data and network 
data (refer to Keim (2005:26) and Plaisant (2005:93) for more detail on data types). 
 
Before moving into examples of geographic visualisation, the following section provides a 
brief overview of how geographic visualisation eventuated. Following this, geographic 
visualization tools are discussed and examples given. This chapter ends with an overview of 
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existing geographic visualization tools for online hazard communication that are designed for 
use by the public.  
4.4.1 Geographic visualisation – how it eventuated 
Geographic visualisation emerged from a concern that the process of mapping using new 
automated mapping technologies, such as a Geographic Information System (GIS), neglected 
vital cartographic aspects – cognition and communication. This was reflected in the poor 
quality of maps being produced using automated mapping means (Taylor, 1991). As a 
response to this, D.R Fraser Taylor – Professor of Geography of Carleton University – raised 
an awareness for the need to reinstall balance between new computing technologies, cognition 
and communication in cartography, in a diagram that shows the conceptual basis of 
cartography (Figure 4.13). In Taylor’s diagram, visualisation was placed central to all 
cartographic fundamentals: communication, cognition and formalism (formalism refers to the 
technique used for production such as multimedia or GIS). As the centrepiece, Taylor saw 
visualisation (for cartography) as the application of computer mapping to analytical and 
communication issues of map representation. Like McCormick et al. (1987), Taylor 
understood visualisation to be a new technology, “a field of computer graphics...a scientific 
tool that demands artistry, imagination and intuition in its application” (Taylor, 1991:13). 
However, Taylor made sure to clarify that “visualisation will never be all of cartography, but 
will affect all three fundamental components: communication, cognition and formalism” 
(Taylor, 1993:52). Taylor’s diagram in Figure 4.13 was extended in 1993 with the following 
changes: both “Visualization” and “Interaction and Dynamics” occupied the centre of 
cartography; “New Multimedia Techniques” was incorporated into “Formalism”; and 
“Communication” in cartography was altered to focus upon “Visual and Non Visual” instead 
of “New Display Techniques” (Figure 4.14) (refer to Taylor (1993) for further reading). 
Taylor’s conceptual basis for cartography led to the concept of “cybercartography” which is a 
new paradigm looking at the role of cartography in the 21
st
 century (refer to Taylor (2005b), 
Taylor (2005a) and Taylor (1997) for further reading on cybercartography).   
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Figure 4.13 The orignial conceptual basis for cartography given by Taylor (1991:14).  
 
Figure 4.14 The conceptual basis for cartography as extended by Taylor (1993:48). 
 
Around the same time that Taylor published his conceptual model for cartography, Earth 
Science researcher David DiBiase of Pennsylvania State University presented visualisation as 
a scientific research tool, relevant at all stages of research (Figure 4.15). The research stages 
are exploration, confirmation, synthesis and presentation. The exploration stage is where data 
is explored in search of relevant and significant questions about the subject. The confirmation 
stage confirms any apparent relationships in the data in light of a formal hypothesis. The 
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synthesis stage is where findings are generalised. The presentation stage is where research is 
presented at professional conferences and in scholarly publications (DiBiase, 1990). The 
curve depicts the movement of the process and implies that the level of cognition (for the 
researcher) decreases as it moves towards the presentation end. ‘Private realm’ is where the 
researcher is occupied with finding and answering questions. The exploration end of the 
continuum is a private engagement where visual thinking is prominent. ‘Public realm’, is 
where the researcher is responsible for communicating findings to a wider, more general 
audience. Towards the presentation end of the continuum, the environment becomes more and 
more public and facilitates visual communication. The boundary between the private realm 
(visual thinking) and public realm (visual communication) is fuzzy. 
 
Figure 4.15 Visualisation as a tool for scientific research. Diagram taken from DiBiase (1990:14). 
 
Unlike Taylor (1991), DiBiase did not refer to visualisation as “new computing technology”. 
However, both Taylor and DiBiase do not differentiate between digital cartography and 
visualisation. This concern was raised by Alan MacEachren (Professor of Geography at Penn 
State University) and his colleague researcher John Ganter, who felt that visualisation was 
being presented as no more than “a new name for cartography” (MacEachren and Ganter, 
1990). In response to this, MacEachren and Ganter explained the difference between 
visualisation and digital cartography by clarifying that the ‘cartography as a communication 
science’ paradigm does not apply to visualisation (MacEachren and Ganter, 1990). In addition 
to this, cartographers aim to effectively communicate particular and known information using 
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the best-suited map, whereas visualisation is a process used to find information and therefore 
the best-suited map can not be made until the information is known (MacEachren and Ganter, 
1990). MacEachren and Ganter support Miller’s definition of visualisation as “first and 
foremost, an act of cognition” (MacEachren and Ganter, 1990 cite; Miller, 1984).  
 
In 1992 MacEachren et al. (1992:101) coined the term ‘geographic visualisation’. They 
defined geographic visualization as: 
 “the use of concrete visual representations – whether on paper or through 
computer displays or other media – to make spatial contexts and problems visible, 
so as to engage the most powerful human information-processing abilities –  those 
associated with vision”. 
Soon after, MacEachren designed the (Cartography)
3
 which is based on treating cartography 
(or more specifically – map use) as a cube and shows visualization as a process existing 
within cartography (Figure 4.16). Different types of map use occupy different positions within 
the “space” of map use depending upon what the map is needed for (MacEachren, 1994). The 
map use space is defined by three continua: (1) from public to private map usage; (2) from 
revealing unknowns to presenting knowns; and (3) from maps that require high to low human-
map interaction. The space inside the cube occupying the area defined by ‘private map use’, 
‘high human interactivity’ maps and maps that ‘reveal unknowns’ on the axes tend towards 
“visualisation”. The opposite end, where space is defined by maps for ‘public use’, ‘low 
human interactivity’ and maps made for ‘presenting knowns’ on the axes, moves towards the 
“communication” end of the spectrum. There are no clear boundaries within the cube but only 
identifiable extremes. The area drawn in red in the Cartography
3
 (Figure 4.16) denotes the 
area that best represents where the research presented in this thesis fits. This area can be 
described as sitting towards the public end of the public-private continua, in the middle of the 
visualisation-communication continua, towards the ‘presenting knows’ end of the ‘presenting 
knowns’-‘revealing unknowns’ continua, and towards the low human-map interaction end of 
the ‘high human-map interaction’-‘low human-map interaction’ continua. 
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Figure 4.16 The (Cartography)
3
. The area bounded by red lines was added to the image to show the area 
within the cube most relevant to the research in this thesis (ie. the red area is not a part of MacEachren’s 
diagram). Image taken from a MacEachren (1994:6).   
 
The position of visualisation in MacEachren’s (Cartography)
3
 has been challenged by Michael 
Peterson – Professor of Geography at the University of Nebraska – who believes the 
distinction between maps for presentation and maps for exploration in (Cartography)
3
 “may 
be artificial” (Peterson, 2003). Peterson feels that (Cartography)
3
 implies that cartographic 
visualisation is for a “‘higher form’ of map use that is reserved for the ‘elite few’” and argues 
that the use of maps is an inquisitive and analytical process (even those designed only for 
communication) and should not be restricted to the “elite few” (Peterson, 2003:441).  
 
The term ‘geographic visualization’ stuck, and since it was introduced by MacEachren et al. 
(1992) definitions have changed to accommodate for new technology and methods (the most 
recent being the definition given by Dykes et al. (2005b), section 4.4).  
 
The rest of this chapter looks at examples of geographic visualisation, discusses geographic 
visualisation tools and provides examples of tools used for natural hazard risk communication 
to the public. 
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4.4.2 Examples of geographic visualisation 
The examples given here are screengrabs showing representations that have been created 
while undergoing the process of geographic visualisation.  
 
Figure 4.17 shows an example of 3D photorealistic, landscape visualisation of Ayres Rock in 
central Australia. The 3D model is scaled correctly and has been draped with a realistic 
render. Such 3D models can be useful for educational purposes as well as visually showing 
the outcome of any GIS analysis. This visualisation was created using GenesisIV software 
(Geomantics, 2006). 
 
Figure 4.17 A landscape visualisation of Ayres Rock, Australia. Image taken from Geomantics (2006) at 
http://www.geomantics.com/index.htm. 
 
The image in Figure 4.18 shows a sample of a project that is using GeoVis to create a virtual 
model of the city of Melbourne, Australia, as it would have looked had historically significant 
buildings not been removed during the 1950s, 1960s and 1970s (Cartwright, 2006b). The 
model allows people to appreciate Melbourne as it once looked. The model in Figure 4.18 has 
been built using the open source scripting language ‘Virtual Reality Modelling Language’ 
(VRML).  
Geographic visualisation tools for communicating flood risks to the public 
 78 
 
Figure 4.18 Part of Melbourne’s Central Business Area as it would have looked if historically significant 
buildings still existed. Image taken from Cartwright (2008b:123). 
 
Figure 4.19 shows how GeoVis has been used to represent movement through space and time. 
Both images in Figure 4.19 show a running track in the Kleinwalsertal (The Alps) in Austria. 
This is shown as a space-time cube in the image on the left. The yellow path indicates time. 
The image on the right shows the influence of the terrain on the running track. Time is 
represented as a vertical extrusion of the running track. Both images are visualisations of the 
same data, however certain aspects of the data come through better on each representation. 
For example, the time path has more definition on the image on the left, and the terrain shape 
is more obvious on the image on the right.  
 
Figure 4.19 A space-time path. Image taken from Kraak (2008:300). 
 
Geographic visualisations can also be linked to parallel coordinate plots such as that shown in 
Figure 4.20. Figure 4.20 is showing an example of census data of the Midwest in the USA. 
The data provides information on several variables at a time. By using a map in a dynamic 
environment that supports various linked interactions, users are able to focus on fewer 
variables at a time (Theus, 2005).  
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Figure 4.20 Linked highlighting between a map and a parallel coordinate point for census data of the 
Midwest of the USA. Image taken from Theus (2005:132). 
 
Figure 4.21 shows a graphic representation of ozone density in the Earth’s atmosphere in the 
year 1987. The image demonstrates how geographic visualisation can be used to graphically 
show what is normally (in the real world) unseen to the human eye. This is beneficial to 
scientists for analysis and comparison of ozone distribution around the planet. The 
visualisation was created using the open source application and software development 
package IBM Visualization Data Explorer. For more information on this visualisation please 
refer to Treinish (1995). 
 
Figure 4.21 Ozone in the Earth’s atmosphere in the year 1987. Image taken from Treinish (1995) at 
http://www.research.ibm.com/dx/proceedings/cart/ozone.htm. 
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The examples included in this section offer ways of representing geographic data for the sake 
of analysis, presentation and visual exploration. They cover a range of geographic 
visualisation techniques including photorealistic rendering of landscapes, the space-time cube, 
dynamic mapping and linking, and generating representations from a database. The next 
section moves on to geographic visualisation tools. 
4.5 GEOGRAPHIC VISUALISATION TOOLS 
As mentioned earlier in this chapter, the research presented in this thesis is looking at the use 
of computer-facilitated geographic visualisation for flood risk communication to the public. 
Therefore computer-facilitated GeoVis tools will be the focus of discussion in this section.  
 
Like with any other form of visualisation, geographic visualisation can be facilitated through 
the use of physical tools that help extend internal visualisation processes. Such tools range 
from pencil and paper, to tools developed on powerful computers and highly sophisticated 
software development environments. Tools range in purpose as well as the type of user but 
will generally fall into one or more of the following categories of use: exploration, analysis, 
synthesis or presentation. There are also many different types of tools being built. Gahegan 
(2005:92) lists several types including maps, immersive visualisation, iconographic displays, 
scatterplots and visual overlays (refer to Gahegan (2005:92) for more detail). In addition to 
this, there are many visualisation techniques including interactive linking, dynamic projection, 
brushing and geometrically transformed displays (refer to Keim (2005:30) for more 
techniques and details). 
 
Tools vary in their ease of use and purpose, which consequently influences the targeted user. 
For example, tools developed for expert use will most likely be more complex to use and may 
require training prior to use or specific user instructions. These tools may also have a specific 
purpose that is usually specialised such as the analysis, manipulation or import of independent 
data into software. On the other hand, tools developed for use by the public should be 
intuitive so they can be learnt quickly. The purpose of these tools is generally obvious to 
those who have used such tools before such as panning or zooming.   
 
GeoVis tools that are developed for use on a computer can work as stand alone instruments or 
part of a larger software package. These tools can either be part of a closed or open system. 
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Tools that belong to a closed system cannot be modified, and cannot be integrated with other 
tools. When dealing with tools that are a part of an open system, tools can be modified and 
can also be built so that they interact with the rest of the system. Many of the existing GeoVis 
tools belong to closed systems. Gahegan (2005:85) discusses possible reasons for why this is 
so from both an academic and commercial perspective. Reasons given include that closed 
systems are the preferred choice by many academic researchers who are developing for the 
sake of proving a concept, which means only part of the system needs to be built. From a 
commercial perspective, open systems are not as popular as they can contribute to a loss of 
market share as well as complicate the development process. The tools developed for the 
research reported in this thesis are a part of an open system. 
 
As mentioned in the last paragraph, many of the existing GeoVis tools are built for closed 
systems. This has sparked concerns among several researchers (Andrienko et al. 2005; Dykes 
2005; Gahegan 2005; Plaisant 2005) who feel the focus on tools built for closed systems has 
hindered the development of interoperability and integration between tools.  Gahegan 
(2005:85) identifies this as a problem that is caused by tools typically focusing on the data 
and not on conceptual structures such as categories or relationships that operate at a higher 
level of abstraction. As a consequence, we continue to develop and design tools that 
essentially perform similar tasks as already existing tools, in closed systems. 
 
Andrienko et al. (2005:104)  ask questions such as “why do we continue to build new tools 
using a range of technologies and techniques?” and “why do we need to invent new 
instruments” since there are numerous existing GeoVis tools with highly interactive and 
manipulable interfaces? Why aren’t we focusing time and resources to modifying and 
improving existing tools? Several possible motivations for this are given by Andrienko et al. 
(2005) and are listed in Table 4.1 (refer to Andrienko et al. (2005:104) for further discussion 
on each). 
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MOTIVATION FOR 
BUILDING NEW 
TOOLS 
SUMMARY 
New technology Continues to appear and it often enables us to do things that were not 
possible before 
Data New form or quality of data that cannot be analysed with existing 
tools 
Tasks As GeoVis becomes more popular and exploited more widely, we 
encounter new tasks that cannot be performed using existing tools  
Users Particular needs of specific users are likely to vary and tools may 
serve a new or changing user base 
Expertise Assessing expertise from related disciplines may contribute to what 
already exists and enhance it further 
Interoperability Collaboration between researchers may improve our ability to 
visualise geographic information and to develop the various 
instruments and support this process. The notion of interoperability 
underlies our efforts to develop ideas and generate knowledge from 
our data using instruments for ideation 
Table 4.1 Possible motivations for why researchers continue to develop new tools (taken from 
Andrienko et al.(2005:104). 
 
Although many of the GeoVis tools existing are a part of closed systems, there are open 
software tools that are continuously being updated and adjusted to suit the needs of users 
including GeoVISTA Studio, CommonGIS and panoraMap (refer to section 4.5.1 for a brief 
outline of GeoVISTA Studio and panoraMap, and section 4.5.2 for CommonGIS. Refer to 
GeoVISTA Center (2001), Andrienko et al. (2003), and Dykes (1999) respectively for greater 
detail).  
 
As discussed here and identified by various researchers, a major problem that is feeding issues 
of interoperability, usability (refer to Plaisant (2005), Lindgaard (2005) and ‘Section E’ of 
Dykes et al. (2005b) for details) and knowledge sharing (refer to Dykes (2005) and Gahegan 
(2005) for more) is in the data orientated approach taken when building GeoVis tools. 
Researchers such as Gahegan (2005), Dykes (2005) and Andrienko (2005) believe these 
issues could be addressed if design and development rules for GeoVis tools were more 
formalised. However, it may be that “such requirements cannot be formalised” (Unwin, 
2008:xv). Plaisant (2005:60) makes the point that specialised techniques are needed to tackle 
special data as well as special user needs and therefore there is no “one size fits all” 
visualisation.  
 
GeoVis tools can also be made for use over the Internet as well as other existing and emerging 
means of information dissemination such as mobile telephones, computer games, mixed 
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realities, ubiquitous computing, and integrated multimedia-GIS. The research in this thesis 
focuses on GeoVis tools disseminated over the Internet, therefore examples of tools used over 
the Internet will be given in section 4.5.2. Refer to Cartwright et al. (2004:31) for an overview 
of other means of dissemination. 
4.5.1 Examples of geographic visualisation tools 
The examples given here range from tools that are commercially available and can be used for 
various purposes – such as ArcGIS – to smaller freely available tools used for a specific 
purpose and application such as GeoVISTA Studio and R-VIS. GeoVISTA Studio (Figure 4.22) 
was developed at the GeoVISTA Center, Penn State University and is an open software 
development environment designed for geospatial data. The studio allows users to quickly 
build applications for geocomputation and geographic visualisation, with no programming 
required. Cartographic techniques such as linking and brushing as well as other analytical 
techniques can be performed with GeoVISTA Studio. Please refer to Takatsuka and Gahegan 
(2002) for examples of how GeoVISTA Studio has been used. 
 
Figure 4.22 A screengrab of the GeoVISTA Studio interface. Image taken from GeoVISTA Center 
(2001) at  http://www.geovistastudio.psu.edu. 
 
ArcGIS is an integrated collection of Geographic Information System (GIS) software products 
that provides a standards-based platform for spatial analysis, data management, and mapping 
(Figure 4.23). ArcGIS is popular commercial software developed by software development 
company – ESRI. 
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Figure 4.23 A screengrab of the ArcMap Interface. ArcMap is the main component of ESRI’s ArcGIS 
suite of geospatial processing programs. It is primarily used to view, edit, create and analyze geospatial 
data. Image taken from ESRI (2009) at http://www.esri.com/. 
In addition to commercial GIS, there are GIS packages that are freely available and are open 
source, such as the Geographic Resource Analysis Support System (GRASS) (Figure 4.24). 
GRASS is a general purpose raster/vector GIS combined with integrated image processing and 
data visualisation subsystems. Refer to the GRASS website at http://grass.itc.it/index.php for 
more information.  
 
Figure 4.24 A screengrab of the GRASS GIS interface taken from GRASS (2009) at 
http://grass.itc.it/index.php. 
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Developed as part of by Jason Dykes’ Virtual Field Course project at the University of 
Leicester, panoraMap is software that has been designed for photographic panorama 
visualisation and analysis (http://www.geog.le.ac.uk/vfc/index.html). The tool concentrates on 
data that can be collected quickly and cheaply which can be combined effectively. Geo-
referenced panoramic images are the basis of panoraMap. In addition to this the tool allows 
the display of locational data recorded by GPS receivers in the field. The screengrab in Figure 
4.25 shows an example of where panoraMap was used to plot way-points collected using a 
GPS receiver onto a satellite image with the aim of analysing the degree of path erosion in the 
Dartmoor National Park in the UK.  
 
Figure 4.25 A screengrab of way-points plotted using coordinates collected using a GPS receiver and 
panoraMap in the Darmoor National Park in the UK. Image taken from 
http://www.geog.le.ac.uk/vfc/education/Plymouth.html. 
 
The Map Shop is a virtual resource that provides a means of exploring and accessing 
geographic information through maps, air photographs, books, games, videos and expert 
advice. Figure 4.26 shows the Map Shop concept (left) and a screenshot of the prototype Map 
Shop developed using VRML (right). For more information refer to Cartwright (2006a). 
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Figure 4.26 The concept of the Map Shop (left) and a screenshot of the prototype Map Shop (right). 
Taken from Cartwright (2006a:85). 
 
The R-VIS (Figure 4.27) is a tool built specifically for analysing dissolved inorganic nitrogen 
in the Chesapeake Bay of the USA. Analysts can use slider bars to set thresholds for the 
lowest dissolved inorganic nitrogen concentration to be represented and for the lowest 
uncertainty. As the slider is moved, the map changes. This technique is referred as ‘focusing’. 
For more information on ‘focusing’ refer to Howard and MacEachren (1996). 
 
Figure 4.27 The R-VIS tool. Image taken from Howard and MacEachren (1996). 
 
Animations have become a popular means of visualising changes and processes in geospatial 
data. Figure 4.28 shows the interface of a tool developed for the purpose of educating school 
children about the earth’s climate system called EarthSystems Visualizer. Refer to Harrower 
et al. (2000) for more information. 
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Figure 4.28 The EarthSystems Visualizer interface. Image taken from 
http://www.geography.wisc.edu/~harrower/. 
4.5.2 Examples of geographic visualisation tools on the Internet 
The Internet has become a popular and useful medium for the dissemination and use of 
GeoVis tools. It has the advantage of relatively quick and inexpensive information delivery 
that can be accessed by anyone with an Internet connection. In addition to this, the Internet is 
an important vessel for dispersing innovative means for tool design and development as 
developers and researchers can access and use the tools online. Generally GeoVis tools for the 
Web are developed using programming languages and scripts or are generated with software. 
They are then either embedded into Internet browsers, deployed via an applet or are 
incorporated into a larger package for people to use. Some tools are built to work with raster 
images (such as the product GPS Visualizer, Figure 4.31) while others operate with vector 
graphics (such as the product OECD eXplorer, Figure 4.32).  
 
The examples of GeoVis tools given in this section range in ease of use, functionality and 
application area as well as the type of development environment used to build the tools. Some 
tools are made for basic orientation and navigation purposes such as searching or selecting 
and are usually part of a larger system whereas other tools are more complex and give users 
control over outputs. Both commercial and open source examples are given. 
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GeoVis tools that have gained rapid popularity all over the world are Earth Viewers. Perhaps 
the most popular is Google Earth – a virtual globe, map and geographic information program 
(Figure 4.29) (Google, 2009). Users of the product are able to access visually accurate 
representation of the entire earth surface using satellite images, aerial photographs and GIS 
data. Tools that accompany the product allow users to search for addresses for certain 
countries, enter coordinates, or simply use the mouse to browse locations, and annotate maps 
with ‘placemarks of interest’. Google Earth also has the capability to show 3D buildings and 
structures.  
 
Figure 4.29 The Google Earth interface. Screengrab taken from http://earth.google.com/ on July 12, 
2009. 
CommonGIS is a tool developed by Gennady Andrienko and Natalia Andrienko with the 
motto of “GIS for everyone” (Andrienko et al., 2003). The tool was developed with the goal 
of devising approaches and methods for making modern map-based facilities for exploratory 
data analysis accessible to and usable by a broad community of potential users. Users are able 
to select the geo-data they wish to view from a range of themes including demography, 
economy, culture, history and education and can control the thematic variables they wish to 
view on the map. CommonGIS proposes to the user one or more suitable visualisation 
methods for the data chosen. The image in Figure 4.30 shows an example of this using 
Portuguese Census data. The choice of visualisation is pie-chart presentation where the size of 
the circles are proportional to the total population in the municipalities of Portugal and the 
sizes of the segments show proportions of different age groups.  
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Figure 4.30 Left: the user interface of CommonGIS on the Internet. Center: Pie charts generated for 
showing the age structure of the population. Right: Pie charts focussing on areas with relatively small 
population. Image taken from http://www.ercim.org/publication/Ercim_News/enw41/voss.html. 
 
The GPS Visualizer is a tool that allows users to upload GPS data, which is then plotted onto 
a base map. Figure 4.31 shows a map created by a user showing the route they have taken 
while sailing around Insel Rügen in Germany. The example is taken from 
http://www.gpsvisualizer.com/examples/.  
 
Figure 4.31 A map showing the GPS plot of a sailing trip in Inset Rügen in Germany using online tool 
GPS Visualizer. Image taken from http://www.gpsvisualizer.com/examples/. Example was uploaded to 
the Web on Aug 13, 2003.  
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Figure 4.32 is a screengrab of the OECD eXplorer interface, which was built using Adobe 
Flex – an open source framework for building rich Internet applications that get delivered via 
the Flash Player or to desktops via Adobe AIR (for more about Flex refer to http://flex.org). 
OECD eXplorer provides users with regional statistics from the Organisation for Economic 
Cooperation and Development using interactive maps. Tools built into OECD eXplorer allow 
users to explore statistical data on world economies as well as social trends and changes. 
Users can look at trends over time through animation, create scatterplots and parallel 
coordinate plots, present stories about the statistics on hand, as well as load their own data. 
 
Figure 4.32 The interface of OECD eXplorer. Screengrab taken from 
http://stats.oecd.org/OECDregionalstatistics/ on June 10, 2009. 
 
The screengrab in Figure 4.33 is of a VRML model of the Royal Botanic Gardens Melbourne 
that is being used to assist staff and visitors in their understanding of the Garden’s terrain. 
Users view the model through a VRML browser such as Cortona or CosmoPlayer. The model 
can be viewed at http://www.rbg.vic.gov.au/rbg_melbourne/mapping.  
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Figure 4.33 A screengrab of a VRML model for the Royal Botanic Gardens Melbourne. The VRML 
model was accessed from http://www.rbg.vic.gov.au/rbg_melbourne/mapping on June 9, 2009. 
In summary, the examples of GeoVis tools on the Internet given here demonstrate the range 
of visualisation techniques available online. Google Earth (Figure 4.29), CommonGIS (Figure 
4.30) and OECD eXplorer (Figure 4.32) are tools for exploration, analysis and presentation 
where users can map thematic variables onto a base map as well as use visualisation 
techniques such as 3D viewing, parallel coordinate plots and brushing to help explore and 
analyse the data. Other tools such as GPS Visualizer (Figure 4.31) allow users to upload their 
own data to the Internet and plot routes travelled onto a base map. Then there are tools like 
the VRML model of the Royal Botanic Gardens Melbourne (Figure 4.33) that provide a 
means of education, awareness and geographic exploration in 3D. This technique allows users 
to observe a geographic location from different viewing perspectives. A major benefit of 
having these tools online is the accessibility for anyone connected to the Web. The next 
section looks at examples of GeoVis tools on the Internet designed for natural hazard 
communication to the public. 
4.5.3 Examples of geographic visualisation tools on the Internet 
for natural hazard communication to the public 
The examples given here are several of only a handful of GeoVis tools available for online 
use in natural hazard communication and education. Although there is not an abundance of 
GeoVis tools designed for natural hazard communication, there is a range of tools available 
including: those hosted from a typical GIS platform; hazard atlases; animation; simulation; 
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tools that work with real-time data; tools built for a specific hazard; tools built for a range of 
hazards; commercial tools; and freely available tools. The examples given in this section give 
a reasonable representation of the range available. Flooding is the natural hazard being 
examined in this thesis, therefore the examples given mainly focus on tools for flooding. Both 
Australian and international examples are given. GeoVis tools for online hazard 
communication to the public is a major focus of this research and therefore an additional 
section (section 4.5.3.1) has been inserted into this section as a means of summarising the 
examples given and to make comparisons between what tools already exist and those 
developed as part of the research in this thesis.  
 
The first example is from Geoscience Australia – a government agency dealing with 
geoscientific information and knowledge – who built a mapping tool called Natural Hazards 
Mapping (http://webmap.ga.gov.au/hazards/) that allows users to map historical earthquake, 
flood and landslide events. In typical GIS fashion, users are able to choose the data they wish 
to view against a map base of their choice by selecting layers to add to the map. Users can 
obtain information about the hazard event using the information tool. Figure 4.34 is a 
screengrab of the Natural Hazards Mapping interface. The map is showing the location of 
earthquakes ranging in magnitude from 0 to 9.9 on the Richter scale between 1840 and 2007, 
against a map base of geological regions in the State of New South Wales, Australia.  
 
Figure 4.34 The Natural Hazards Mapping interface. This tool was accessed from 
http://webmap.ga.gov.au/hazards/ on June 12, 2009. 
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The U.S.A National Satellite and Information Service have a similar system to Geoscience’s 
Natural Hazard Mapping called the Natural Hazards Viewer 
(http://map.ngdc.noaa.gov/website/seg/hazards/viewer.htm). The viewer is powered by 
ArcIMS which is geospatial software developed by ESRI for the purpose of bringing GIS 
functionality to the WWW (for more information on ArcIMS refer to http://www.esri.com).  
The Natural Hazard Viewer allows users to view the worldwide location of earthquake and 
tsunami events of the past (Figure 4.35). Users can click on event symbols on the map and 
obtain further information about the event.  
 
Figure 4.35 A screengrab of the Natural Hazard Viewer focused on Australasia. This tool was accessed 
from http://map.ngdc.noaa.gov/website/seg/hazards/viewer.htm on June 5, 2009. 
 
A joint initiative by the United Nations and European Commission is the Global Disaster 
Alert and Coordination System (http://www.gdacs.org/ accessed June 10, 2009). The system 
provides near real-time alerts about major natural disasters around the world and tools to 
facilitate response coordination, including media monitoring and map catalogues. Users are 
also able to zoom into maps and obtain links for where users can find further information on 
each disaster. The system mainly uses Google Maps as a map base source.  Figure 4.36 shows 
a screengrab of the flood status in Bangladesh on a Google Map map base. The system posts 
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alerts on other natural hazards, as well as floods, including cyclones, fires, tsunamis, 
earthquakes and volcanic eruptions. 
 
Figure 4.36 The flood status in Bangladesh on July 8
th
 2009 as supplied by the Global Disaster Alert 
and Coordination System. Screengrab taken from 
http://www.gdacs.org/floods/country.asp?country=Bangladesh on June 10, 2009. 
 
Developed as part of the United Nations Environment Programme, the mapping and 
visualisation platform Preview allows users to map the location of past floods, tropical 
cyclones and related storm surges, drought, earthquakes, biomass fires, landslides, tsunamis 
and volcanic eruptions (http://www.grid.unep.ch/activities/earlywarning/preview/). Users can 
map hazard locations against demographic data including population and gross domestic 
product for 2007. Users can also filter their choice of hazard by the extent of assessed risk. 
Maps can be printed and URLs to the map can be emailed. Data can also be examined while 
plotted on a graph. 
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Figure 4.37 The interface for Preview. The map shows the location of floods between 2007 and 2008 as 
well as the population for 2007. This tool was accessed from 
http://www.grid.unep.ch/activities/earlywarning/preview/ on June 10, 2009. 
 
The Australian Bureau of Meteorology’s (BoM) Flood Warning Service 
(www.bom.gov.au/hydro/flood/) provides public access to data collected at river and rainfall 
gauges all over Australia. Gauged sites are located on a 2D map and can be zoomed in to at a 
regional scale. Users are able to click on locations and receive the station number, rainfall 
amount and duration between updates. Figure 4.38 is a screengrab showing river conditions 
for the North East region of Victoria, Australia. Users can also select to view rainfall quantity. 
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Figure 4.38 A map of the river conditions for the North East region of Victoria, Australia on July 8th 
2009. Screengrab taken from http://www.bom.gov.au/hyrdo/flood. 
The Sentinel Bushfire Monitoring System (aka Sentinel Hotspots) is an internet-based 
mapping tool hosted by Geoscience Australia and designed to provide timely spatial 
information to emergency service managers across Australia 
(http://sentinel.ga.gov.au/acres/sentinel/). The mapping system allows users to identify fire 
locations with a potential risk to communities and property. It can be accessed using a 
standard Web browser. The Sentinel interface is shown in Figure 4.39. Users are able to turn 
layers on an off and can use basic tools common to most GIS for zooming and identifying 
features. Users can also search for a location on the map and zoom in on that location. Maps 
can be printed. The zoom level is restricted to a scale of around 1:200,000 (Figure 4.40). 
Spatially-orientated systems that provides natural disaster information at a scale larger than 
1:200,000 are not common. However the tools developed as part of the research in this thesis 
work with a much larger map scale. The point of this is so that users can obtain information 
that is very local and property specific. Section 5.3.2 of chapter 5 elaborates on this.  
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Figure 4.39 The Sentinel interface. The map shows the location of fires for 
July 13, 2009. Image taken from http://sentinel1.ga.gov.au/Sentinel/imf.jsp. 
 
Figure 4.40 Fires 
shown at a scale of 
1:200,000. The fires 
are located directly 
to the west and 
south of the “500” 
elevation mark. The 
image is a crop of 
the image in Figure 
4.39. 
 
French software producer EMI, Port de Book, have integrated VRML/3D software into their 
commercial GIS disaster control program so that 2D GIS spatial data can be converted into 
3D. They have called their system BS Contact VRML/X3D and it provides hazard 
management authorities with access to visual information about the terrain as well as other 
information stored in the GIS. Figure 4.41 provides a screengrab of an output using BS 
Contact VRML/X3D for showing the location of fires.  
 
Figure 4.41 A screengrab of the BS Contact VRML/X3D interface showing the location of fires. Image 
taken from http://www.web3d.org/casestudies/detail/emi-uses-bs-contact-vrml-x3d-for-real-time-gis-3d-
visualization-for-inciden/. Screengrab taken June 10, 2009. 
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The MSC Viewer is a tool available from the US Federal Emergency Management Agency’s 
(FEMA) website (http://msc.fema.gov) and it allows users to view, download and print 
historic flood maps (Figure 4.42). Zooming and panning is the extent of interaction with the 
map itself.  
 
Figure 4.42 The MSC Viewer interface. Screengrab taken from http://msc.fema.gov. 
 
An example of how online games are being used to educate people (mainly children) of the 
risks posed by natural hazards is the Stop Disasters! interactive game for disaster reduction 
(Figure 4.43). The game was co-developed by the United Nations and the International 
Strategy for Disaster Reduction. Users are able to select a game scenario for floods, tsunamis, 
hurricanes, bushfires and earthquakes. The level of difficulty can also be changed. The game 
is available online at http://www.stopdisastersgame.org/en/home.html. 
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Figure 4.43 An inteactive educational game for diaster reduction Stop Disasters! Screengrab taken from 
http://www.stopdisastersgame.org/en/home.html on 19 June, 2009. 
 
Melbourne Water in the State of Victoria, has also developed an educational GeoVis tool 
called Floods Explorer (Figure 4.44). Using this tool, students can explore how heavy rainfall 
affects different environments in the city via simulated animation. Students can choose the 
extent of rainfall and the environment they wish to learn about. Floods Explorer was 
developed using Adobe Flash. The tool can be accessed from the Melbourne Water website at 
http://education.melbournewater.com.au/. 
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Figure 4.44 The Floods Explorer interface – a tool used for educating people of the consequences of 
heavy rainfall in urban centers through animation. Screengrab taken from 
http://education.melbournewater.com.au/ on June 17, 2009. 
 
The US Department of Agriculture’s National Agroforestry Center developed a tool called 
CanVis that allows users to simulate and see the potential impacts of a hazard, using a 
photograph. The US National Oceanic and Atmospheric Adminstration have expanded 
CanVis so that users can “see” the potential impacts from coastal development or sea level 
rise (Figure 4.45). The CanVis program is not executed over the Internet but can be 
downloaded. The software is used by municipalities to brainstorm new ideas and policies, 
undertake project planning, and make presentations. 
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Figure 4.45 The “After” shot shows a simulation of sea water rise using CanVis. Image taken from 
http://www.csc.noaa.gov/digitalcoast/tools/canvis/index.html on June 17, 2009.  
 
Another means of presenting simulations is demonstrated in Figure 4.46, which shows a 
screengrab of the first (left-hand side on Figure 4.46) and last (right-hand side of Figure 4.46) 
frame of an animation demonstrating storm surge while a category 4 hurricane hits New 
Orleans in the U.S.A. The animation is focused on St. Louis Cathedral. It was created by artist 
Mark Sudduth and can be played as a QuickTime movie from the National Hurricane Center’s 
Storm Surge webpage 
(http://nhc.boulder.noaa.gov/HAW2/english/surge/new_orleans.shtml accessed on June 10, 
2009).  
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Figure 4.46 The first and last frames (left and right respectively) in an animation showing hurricane 
storm surge. Image taken from http://nhc.boulder.noaa.gov/HAW2/english/surge/new_orleans.shtml.  
4.5.3.1 Summary of online GeoVis tools for natural hazard communication 
While searching for examples, it became obvious that the most common tools for natural 
hazard communication were based in a GIS. The benefit of using a GIS is that users can make 
their own maps by selecting what they wish to see on the map. In addition to this, 
maintenance of data by a moderator can generally be performed via a database. A 
disadvantage of hazard communication systems that run on a standard GIS platform online is 
that download speeds can be slow. This was found to be the case with the Natural Hazards 
Viewer (Figure 4.35).  
 
Most of the example communication tools listed in this section are atlas-like where users can 
view the location of historical natural hazard events while comparing this to demographic 
data. However, three of the example tools provide users with close to real-time data including 
the Global Disaster Alert Coordination System (Figure 4.36), the Australian BoM Flood 
Warning Service (Figure 4.38) and Sentinel (Figure 4.39). The close to real-time tools give a 
good overview of the location of the hazard, but lack detail at a local level. The mapping 
detail shown on the maps used with these tools is around 1:200,000. Users are able to zoom in 
further but no extra detail is given. In contrast, the tools developed as part of the research in 
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this thesis map flood extents at a local level so that users can view an interpretation of a close 
to real-time river gauge reading up stream, and how it may affect their property down stream.  
 
The tools developed as part of this research make use of existing flood maps such as those 
presented via FEMA’s MSC Viewer (Figure 4.42). The MSC Viewer is useful for those 
needing large-scale flood maps as they can conveniently obtain them using the Internet and 
print them if need. The tools created for the research in this thesis also work with large-scale 
flood maps, however, the system interface has been equipped with interactive menus and map 
objects are interactive so that users can obtain flood information that is specific to individual 
properties. 
4.6 CHAPTER SUMMARY 
In summary, this chapter has focused on computer-facilitated visualisation tools and online 
geographic visualisation tools, and has provided many examples to demonstrate the broad 
range of application areas, and development environments that tools are being built with. The 
application area of particular interest to this research is online natural hazard information 
communication. Twelve examples in this application area have been given here. While 
searching for examples, there was no system found online that works with maps at a localised 
scale, with close to real-time data, and provides users with property specific warning 
information and safety information. These attributes have all been incorporated into the 
system developed as part of this research. The next chapter outlines the conceptual basis for 
the design of this system and is presented as a framework.   
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CHAPTER 5 PROPOSED FRAMEWORK FOR IMPROVING 
CURRENT FLOOD RISK COMMUNICATION METHODS 
 
 
5.1 INTRODUCTION TO CHAPTER 
The literature review of the last three chapters raised numerous issues, mainly within flood 
warning and risk communication. This chapter addresses issues relevant to this research by 
presenting a proposal for improving the communication of flood risks to the public. The 
proposal of how flood risk communication to the public could be improved has been 
organised into a framework, which is discussed in this chapter. Relevant issues addressed are 
discussed in section 5.2.  
 
The framework is important because it is the conceptual basis for this research. It has been 
used as a guide in developing a prototype system that has been tested (the prototype is 
discussed in chapter 6 and test results are discussed in chapter 8). The prototype consists of 
three geographic visualisation tools. The tools have been customised to the flood-prone town 
of Myrtleford in northeast Victoria so that both the framework and the design of the tools can 
be tested on a community that has suffered from the impacts of flooding. Justification for the 
choice of study area, as well as the design and development of the prototype will be discussed 
in detail in the next chapter. As mentioned earlier, this chapter is dedicated to discussing the 
framework. 
 
The framework proposes that the combination of four, inter-related key components be 
considered when developing a system for flood risk communication to the public. These four 
components are: 
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• Use graphic communication as graphics is an almost universal language; 
• Personalise the information; 
• Disseminate via the Internet and the World Wide Web; and 
• “Spice it up” with aesthetically pleasing graphics. 
 
The first component is the most central component within the framework and proposes that 
graphics be used to communicate flood warnings to the public. The framework revolves 
around the primary notion that graphics are a powerful communication mode for flood 
warnings, especially to the public, because: 1) the human mind reacts to graphic 
representations quickly (Reisberg, 2001) (this is a major communication advantage during 
times of emergency as it is important that people understand the message quickly); and 2) the 
spatial nature of floods (maps are able to show the spread of floodwaters over a broad area). 
This component is mainly concerned with reducing communication barriers that may occur 
because of variations of flood experience, age, education and familiarity with the English 
language (when referring to Victoria specifically).   
 
The second component (“Personalise the information”) proposes that messages be more 
specific to individuals and incorporate safety and flood information that is particular to 
properties. A reason for this is that, in many circumstances, people are unsure of whether the 
floodwaters will affect their property and what they should do to minimise damages (Penning-
Rowsell and Handmer, 1990). Current modes of communication (namely radio, fax and 
telephone) are not effective means of providing personalised messages, as they require the 
message carrier to read a list of how the floods are going to affect each property and what 
property owners should do to maximise safety and minimise damages. This could include 
hundreds of properties. On the other hand, graphic representations where “a picture tells a 
thousand words” allow warnings as well as flood and safety information to be organised on 
the graphic representation for individual properties in a more resourceful way. This 
component is mainly concerned with providing the public with information that is relevant 
and meaningful to individuals. 
 
The third component is concerned with dissemination modes and suggests that the Internet be 
used to disseminate flood maps to the public as it allows various graphic formats to be viewed 
through a Web browser by many people at the same time quickly. In addition to this, updates 
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can be made easily and viewed almost immediately by members of the public who are 
monitoring the site.  
 
The final component of the framework asks for representations to be designed with care so 
that the visual representation is appealing. People generally want to learn more about a matter 
if it attracts their attention (Laplante, 1995).  
 
The chapter predominately describes and discusses each of the four components in greater 
detail and explains how each component addresses relevant flood risk communication issues. 
The advantages and disadvantages of each component are also discussed. However, before 
describing each component, the process of how the framework was devised is described in 
section 5.2. 
5.2 FORMING THE FRAMEWORK 
Before discussing each component of the framework in detail, an explanation of how the 
framework was formed and the relevance of each component to the issues addressed in this 
thesis, is given here. Please note that issues are not discussed in detail in this section as they 
have already been discussed in the literature review, however references are given here.  
 
The key question addressed in this research is: 
‘how can we communicate early flood warnings and relevant flood 
information to the public so that messages are understood and motivate those 
at risk to minimise damage and maximise safety?’ 
As discussed in the literature review, this question has been raised by numerous authorities on 
the topic including Betts (2003); Crapper et al.(2005), Fischhoff (1995), Handmer (1990; 
2000), Keating (2005), and by the National Research Council (1989). While pondering this 
question, the first two components of the framework were born – these being: 1) use graphics 
(maps) to present the message; and 2) personalise the message. Personalised messages are 
messages where the content is property specific and meaningful to the property owner. 
Property specific data will be discussed in greater detail in the next chapter.  
 
While exploring the key question for this research, another question arose. This question 
being: 
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‘how can we reach the public in a timely manner, using a medium that allows 
the dissemination of updates efficiently and can display graphics?’ 
This question led to the third component – “disseminate via the Internet and the WWW”. It is 
suggested here that digital networks such as the Internet and WWW be used to disseminate 
flood risk warnings and information. A main benefit of using such networks is that they 
support graphic formats that can be accessed from any computer terminal that is connected to 
the Internet. In addition to this, making and delivering updates via a network can be done 
instantaneously from a central server.  
 
The research in this thesis also addresses the question of: 
‘how do we capture the public’s attention when communicating flood 
warnings?’ 
As discussed in the literature review, the issue of apathy has been brought up several authors 
including Betts (2003), Keys (2001), Smith (2000), Chess et al. (1995) and Lundgren and 
McMakin (1998). This component of the framework proposes that pleasing aesthetics be 
considered in the design of the map interface so to attract a person’s attention. In addition to 
this, it is suggested that maps be designed in 3D as a means of engaging the user’s interest. 
Using aesthetically pleasing graphics is the final component in the framework.  
 
Please note that other flood risk communication issues raised in the literature review such as 
the representation of uncertainties in flood data could also be incorporated into the 
framework, however due to thesis time restrictions the scope of issues being addressed has 
been limited to those listed here. 
 
The next section describes each of the framework components including the advantages and 
disadvantages as well as how each component can help improve the communication of flood 
warnings. 
5.3 THE PROPOSED FRAMEWORK 
As mentioned in the introduction to this chapter the proposed framework is the combination 
of four inter-related components. It is suggested that when developing a system for flood risk 
communication that each component in the framework should be considered and incorporated 
into the design of the system. To reiterate, the four components are: 
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• Use graphic communication as graphics is an almost universal language; 
• Personalise the information; 
• Disseminate via the Internet and the World Wide Web; and 
• “Spice it up” with aesthetically pleasing graphics. 
 
This section describes each of these components in the context of how they relate to the 
framework and to the research in this thesis. In addition to this, the benefits of each 
component are discussed and reasons for why they have been included are given. 
5.3.1 Graphics: an almost universal language 
This component of the framework addresses the issue of how to construct messages so that 
the public understands what is being communicated and acts in a constructive way, by 
proposing that flood warnings and flood risk information be communicated to the public 
using graphics (or more specifically – using maps). This section looks at the qualities of 
graphic communication and how they can benefit the communication of flood risks to the 
public. 
 
There are several fundamental characteristics of graphics and maps that make them ideal for 
flood risk communication. An important characteristic is that graphics are seen as an almost 
universal language. They have the ability to transcend lingual communication barriers as they 
are monosemic and universally understood (Bertin, 1983). In addition to this, graphics are a 
format that the human mind reacts to quickly because the visual system is our most dominant 
sense with more brain area devoted to vision than any other sense (Reisberg, 2001). People 
are also able to extract meaning from pictures faster than from words, particularly when there 
is a direct visual association between our internal image and the external stimulus (Tversky, 
2001:89). This is a particularly valuable quality for communicating flood warnings as it is 
important that information in warning messages are comprehended quickly (Emergency 
Management Australia, 1999).  
 
A problem with flood warning messages identified by many including Penning-Rowsell and 
Handmer (1990) and also commented on in the Emergency Management Australia Flood 
Warning Guide (1999), is that the language used in warnings is not being understood by the 
general public due to use of technical jargon and unexplained terminology. It is suggested in 
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this thesis that the use of geographic visualisation and geographic visualisation tools can help 
alleviate misunderstandings in flood terminology. The main proposal here is for geographic 
visualisation and geographic visualisation tools to be used to visually present the spread of 
predicted floodwaters, but also to associate flood warning terminology such as flood 
categories Minor, Moderate and Major to the visual representation so that people can “see” 
what the terminology refers to. The power of visualization techniques (as discussed in the 
prior chapter) has quickly been recognised by experts within various disciplines and is 
becoming a valuable part of analysis and representation within spatial science (Dykes et al., 
2005a).  
 
Geographic visualisation tools can be used to create maps for the Internet. A major benefit of 
this is that flood updates can be issued quickly to a large number of people connected to the 
Internet so that information such as open exit routes as well as water depths can be received 
(more on the use of the Internet for communicating flood warnings is discussed in section 
5.3.3). Already, there are various online visualization applications and systems in place that 
facilitate decision making processes (refer to William et al. (2005) for examples in areas of 
city planning, sustainable development of natural resources and emergency responsiveness).  
 
There are also visualization systems and applications functioning online, designed with the 
aim of presenting flood warnings to the public such as the BoM’s Flood Warning Service 
(www.bom.gov.au/hydro/flood/) and the Global Disaster Alert and Coordination System 
(http://www.gdacs.org/) (refer to section 4.5.3 of chapter 4 for more examples). However, the 
system being proposed here differs from already existing systems in that it some-what 
personalises real-time flood warning information by using large-scale maps and property 
specific information. Maps are excellent tools for showing personalised information 
(personalising information will be discussed in section 5.3.2).  
 
Staying within the context of flood warning, graphics (more specifically, ‘non-animated’ 
graphics) can stay static for a period of time long enough to give a person a chance to reassess 
a flood warning message. A problem with current modes of flood warning message 
dissemination such as radio and television is that broadcasts only last for a period of seconds. 
If a person did not fully understand the message and would like to hear it again, they cannot 
because the message is disseminated in real-time and cannot be retrieved unless it has been 
recorded. This research is proposing that maps be used to show forecast flooding via the 
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Internet in real-time, where the maps are updated automatically (methods for doing this are 
discussed in detail in the next chapter). Generally there is a period of around seven hours 
between flood data updates in Australia (Bureau of Meteorology, 2005).  
 
To summarise this section, it is proposed here that graphics, or more specifically maps, 
become a greater part of the flood risk communication process. Reasons for this include that: 
maps are able to facilitate flood data that is of a spatial nature; it is expected that flood 
messages which are “shown” through a graphic interface helps relieve communication 
barriers and clarify jargon; using a static medium allows the user to absorb the message in 
their own time; and messages can be personalised using a map without having to go through 
the tedious and time consuming process of listing or reading how floodwaters will effect 
properties, as would be the case if communicating using a fax, radio or television. The next 
component of the framework looks at how personalising information can help improve flood 
risk communication. 
5.3.2 Personalise the information  
The second component of the framework proposes that messages be personalised and cater to 
individual property owners. To personalise a message is to include information that is relevant 
to individual property owners. This information is available providing that the flood prone 
locality has had an extensive flood study completed. An example of an extensive flood study 
is the Myrtleford Floodplain Management Study (Sinclair Knight Merz, 2000). The research 
in this thesis used information from the Myrtleford flood study to construct flood warning 
messages for individual properties. The Myrtleford flood study provided floodwater heights 
above ground level and floodwater velocity for several different flood events as well as 
property types. This type of information is available and obtainable, however the challenge is 
in finding ways in which this information can be efficiently communicated to the public. This 
section justifies the proposal of personalising flood warning messages while using maps to 
organise property specific information. 
 
A major advantage of personalising flood warning messages is that risks are put into 
perspective. It is the opinion of risk experts including Handmer (2000), Sandman (1987) and 
Fritz and Williams (1957) that people will pay greater attention to warning content when a 
message is personalised because they are able to associate the warning to familiar things. This 
could help overcome the miscommunication between those who construct the message and 
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those who receive (Sandman et al., 1987). Also, it is already known that messages that are 
designed and delivered with a sense of urgency as well as being personalised are more 
effective (Handmer and Ord, 1986). Even so, and as mentioned in the introduction to this 
section, the challenge is in finding a way of efficiently organising and communicating 
personalised information so that the recipient is not inundated with information. This 
challenge is being addressed here. 
 
By using an online, interactive map to communicate warnings, users are able to access 
information that is relevant to them without being overwhelmed by information. This is 
because messages can be customised to individual properties and users can select properties 
of interest to obtain relevant information, as is proposed here in this research (methods of 
doing this will be discussed in the next chapter, and online interactivity will be discussed in 
the next section). In addition to this, the message interface is some-what static, therefore the 
user has time to interact with the map, find the information most relevant to them and study 
this information before the next update. As mentioned in the last section, there are systems 
existing that provide people with close to real-time hazard information (such as the Australian 
BoM Flood Warning Service and the Global Disaster Alert and Coordination System – refer 
to chapter 4, section 4.5.3 for more) but an online hazard warning system that provides those 
at risk with personalised information is still to be found. There are, however large-scale maps 
with hypermedia capabilities being used for online decision-making (hypermedia will be 
discussed further in the section 5.3.3). Williams et al. (2005:315) discuss three examples 
where visualization and hypermedia capabilities are applied. The examples cover applications 
from city planning, to sustainable development of natural resources and emergency 
responsiveness. 
 
By personalising messages and using the Internet to circulate them, messages can be classed 
as ‘specific’, but will be distributed by a general mode of dissemination (as discussed in 
chapter 2, section 2.3.2, general dissemination modes are those mainly represented by the 
mass media, and specific modes of dissemination are those that hold information that is 
particular to households, businesses, primary produce or other individual groups or 
organizations (Emergency Management Australia, 1999)).  Current modes of dissemination 
used by most Shires in Victoria, such as radio, fax, and television are also classified by 
Emergency Management Australia (1999) as being general, however the nature of these 
modes makes it difficult to distribute personalised information efficiently. This is particularly 
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the case for radio, as the radio presenter would need to read a list of warnings for every 
property at risk, which could include hundreds of properties. Faxed and telephoned flood 
warning messages can be communicated directly to individuals, depending on whether 
numbers have been made available to Council Flood Fax Stream Systems (as used by most 
shires) and Telephone Flood Alerting Plans (as used by the Rural City of Wangaratta and 
Alpine Shire (2001)) but are not specific to properties. Maps have the advantage that they can 
provide users with access to a large amount of information while still allowing the user to 
choose what information they wish to view since messages can be organised so that they are 
specific to geographic locations. 
 
As with most risk information, flood risks carry a level of uncertainty that needs to be 
incorporated into the message (Handmer, 1995; Johnson and Slovic, 1995). This is especially 
the case when communicating property specific messages, as the area covered in each 
message is much smaller. To deal with this, this research emphasises the use of “suggestions” 
opposed to “requirements” that are customised to individual properties. These are statements 
that suggest what protective measures those at risk should take in and around their property. 
To communicate the uncertainty in the data, the words used are not definite states, such as 
“may” and “could” opposed to “will”. It was found, in a study by Weinstein et al. (1994), that 
the use of safety suggestions or “action standards” in a risk warning message increases the 
likelihood that people would follow recommendations.  
 
In this research, safety suggestions are influenced by what each property is being used for. For 
example, the safety suggestions for a hardware store will differ to a library because each 
building stores different material that will be affected by floodwaters in different ways. A 
hardware store will have chemicals and toxins that need to be raised and contained to avoid 
polluting the flood water. A librarian needs to raise and pack all valuable books into plastic 
bags so that they are waterproof. As well as stating actions, Lundgren and McMakin (1998) 
stress the importance of providing updates. 
 
In summary, it is proposed here that through the use of online interactive maps, flood warning 
messages can be efficiently organised while being property specific. The main advantage of 
property specific or personalised messages is that messages are put into the perspective of 
those at risk by relating expected floodwaters to things of value to people at risk. The next 
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component of the framework proposes flood warning messages that are personalised and 
organised on a map be communicated via the Internet. 
5.3.3 The Internet and the World Wide Web 
As explained in section 5.2, the framework stems from the idea that messages should be 
catered to individual properties. As well as this and as discussed in section 5.3.1, it is 
proposed that maps be used to organise personalised information. This information 
(personalised and organised on a map) needs to reach the public quickly and be updated when 
necessary, as well as be distributed to the public using a medium that supports map viewing. 
For these reasons it is proposed that the Internet be used to disseminate warning messages. 
The Internet is a practical medium for organising large amounts of information without 
overwhelming the user. If designed properly, Web pages and Web sites can hold a significant 
amount of information that is stored in layers. Hyperlinks, interactive menus and search tools 
can be used to direct and transfer users to information they wish to know (including 
information from other sources). This way the user can choose the information they wish to 
know, at the time they wish to know it. For most of the general public, personal computers are 
common access devices for the Internet and the World Wide Web for viewing multimedia. 
Other devices include high-end mobile phones (such as smartphones) and PDAs. For the sake 
of simplicity, this framework is limited to personal computers but could be adapted to suit 
other devices. 
 
Since 1993 when the first browser to support graphics was introduced (the Mosaic browser) 
maps have been transmitted through the Internet to a Web page (Peterson, 2008). The first 
maps used online were scanned paper maps (Peterson, 2008). Advances in Internet 
technology have raised the level of sophistication in the design and function of maps to 
incorporate interactive hyperlinks to various types of multimedia (Cartwright, 2008a). 
Because of this, new paradigms such as “cybercartography” (Taylor, 2005b) “multimedia 
cartography” (Cartwright and Peterson, 1999) and more recently “Geographic Hypermedia” 
(Stefanakis and Peterson, 2006) have emerged and are shaping the way in which maps are 
made and used over the Internet. 
 
Geographic Hypermedia is of particular importance to this research as it supports the idea of 
linking real-time data to spatial data where the data comes from different servers and sources 
(Stefanakis and Peterson, 2006). For this research, the real-time data of most importance 
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during flooding is the river height. This is because the river height at a particular point 
upstream is used to forecast the extent of flooding (Bureau of Meteorology, 2005). Gauges are 
used to measure the river heights, and are either collected by (if it’s an analogue gauge) or 
sent (if it’s an automatic gauge) to relevant authorities. Generally, recorded river heights will 
be sent through to the Bureau of Meteorology and uploaded onto their website (Bureau of 
Meteorology, 2005). The prototype developed as part of this research uses these river heights 
to determine which flood map should be generated and displayed. The major advantage of 
doing this over the Internet is that updates can be made quickly and to a large number of 
people, simultaneously, with no printing or distribution costs.  
 
As discussed in section 5.3.2, it is proposed here that flood warning messages be customised 
to suit individual properties. This means that a lot of information will be stored on the maps 
and available for user viewing. Therefore this information needs to be organised efficiently so 
that the user can access what is of most relevance to them. Interactive maps, menus and 
hypertext are ideal for organising information so that the user is not inundated. Good 
examples of where a lot of information is accessed via a map using online interactive tools are 
atlases and street directories. These tools can be applied to natural hazard data too, as was 
shown in chapter 4, section 4.5.3, where users are able to use drop menus to add layers and 
access information by clicking on a feature with the mouse (for an example refer to figure 
4.3.4 in chapter 4 – the Natural Hazards Mapping product by Geoscience Australia). The 
prototype developed as part of this research utilises basic interactivity where the user is 
presented with tools to search for a property of interest on the map as well as tools for 
selecting properties from the map and obtaining flood information about that property (more 
on this will be discussed in the next chapter).  
 
Although there are many advantages to interactive mapping, the level of ease or difficulty of 
user interaction needs to suit the capabilities of the targeted user. The prototype developed for 
this research is aimed at the general public. When warning the general public of flood risks 
they may face, it is important that relevant information is clearly communicated (Emergency 
Management Australia, 1999). Studies have shown that the more interactions needed to 
accomplish a task, the less satisfactory the interface was considered by the user (Wachowicz 
et al., 2008). Therefore, for this research, interactivity has been limited to a basic level.  
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The convenience of the Internet has made it the most widely used system for the 
dissemination of information and services (Stefanakis and Peterson, 2006:6) and is the fastest 
growing communication medium in the world (Bradner, 2000; Pritkin, 2000). According to 
the Computer Industry Almanac (2006) the number of Internet users surpassed 1.2 billion in 
2006. This is up from 935 million users in 2004 (Computer Industry Almanac, 2004). In 
Australia, Internet usage has grown dramatically. Data from the 2001 Census showed the 
percentage of Australian Householders using the Internet is at 37% (AusStats, 2001). The 
most recent data from the Australian Bureau of Statistics places this number at almost double 
at 67% for 2007-08 (Australian Bureau of Statistics, 2008). The popularity and growth of 
Internet use has been attributed to the decline of fax machine use. This decline has been 
continual since the introduction of email, the WWW and email enabled mobile phones in the 
late 1990s and early 2000s (Coopersmith 2009; McBride 2005; Prema 2006)).  
 
The rapid growth in popularity of the Internet has certainly opened doors for information 
dissemination and access, however it should be noted that during extreme weather, there is no 
guarantee that the necessary infrastructure that carries information from the Internet server to 
the Internet user can outstand severe weather conditions. Infrastructure includes such things as 
telephone poles and cables for the following methods of Internet access: dial-up, landline 
(over coaxial cable, fiber optic or copper wires) and T-lines. Bad weather can also disrupt 
signals from Wi-Fi and satellite Internet access (Kutais, 2006). Drawbacks such as signal 
disruptions during extreme events are not characteristic of the Internet alone, but are probable 
for any means of telecommunication. In addition to this, forecast warnings are generally 
issued well before conditions become so bad that infrastructure is damaged and 
telecommunication becomes completely useless.  
 
In summary, it is proposed here that the Internet be used to disseminate flood warnings that 
are organised on a map and personalised. The reasons for this is that through paradigms such 
as Geographic Hypermedia, real-time data can be used with spatial data over the Internet to 
produce and disseminate real-time flood warning messages. For those who are connected to 
the Web, these warnings can reach a large number of people quickly, with no printing or 
distribution costs. This section also briefly explored interactivity and how it can be used by 
people to access information that is of most relevance to them. The next component deals 
with attracting a person’s attention to warning messages by using aesthetically pleasing 
graphics and 3D graphics. The Internet is the only telecommunication medium that allows 3D 
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graphics to be viewed and interacted with by a user while updates are made in real-time. The 
display of the format depends upon whether the browser being used is equipped with the 
necessary plug-ins or software. For example, the Virtual Reality Modelling Language 
(VRML) is used to create 3D, interactive representations but only specific browsers enable 
VRML to be viewed. These browsers, such as Cortona and Cosmo Player are plug-ins to 
standard Internet browsers such at Netscape, Mozilla Firefox and Internet Explorer. 
5.3.4 Aesthetically pleasing graphics 
The final component in the framework addresses the issue of apathy in flood warnings. As 
discussed in the literature review of prior chapters, the issue of apathy has been brought up 
several authors including Betts (2003), Keys (2001), Smith (2000), Chess et al. (1995) and 
Lundgren and McMakin (1998). A main reason given as to why there is a general apathy 
among the public for flood warning is related to education and the need for continual 
awareness (Smith, 2000). It has been observed by Keys (2001), Smith (2000) and Douglas 
(1985) that routine everyday issues tend to dominate unless people are convinced (through 
continual education and awareness programs) that flooding is an ongoing issue. However, 
resources for continual programs are not always available (Keys, 2006). This component of 
the framework proposes that pleasing aesthetics be considered in the design of the map 
interface so to attract a person’s attention – particularly in the absence of continual education 
and awareness programs. In addition to this, it is important to engage a person when trying to 
communicate a message, and to do this it is suggested here that the map be output as a 3D 
representation, as an attempt to enhance a person’s interest in the map and hence flooding. It 
is not expected that enhancing the appearance of a map will dramatically improve a 
continuing interest in flooding from the public as apathy issues extend much deeper into areas 
of perception (Keys, 2001) as well as ongoing education campaigns (Filderman, 1990; Pfister, 
2002). However, and as stated by Caquard and Taylor (2005:287) “if we want our maps to be 
seen, used and understood then they need to be aesthetically pleasing”. The importance of 
map aesthetics and the advantages of 3D representations will be discussed here. 
 
Numerous authors including Caquard and Taylor (2005), Monmonier (2005) and Peuquet and 
Kraak (2002) have stressed the importance of map aesthetics. Traditionally, cartography has 
drawn upon the aesthetic dimensions of art in order to make a map visually pleasing (Caquard 
and Taylor, 2005:287). However, technological developments such as automated mapping, 
Geographic Information Systems and remotely sensed satellite imagery have changed the way 
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in which maps are made, where greater emphasis has been placed on the tool development 
and automotive mapping processes and less on design standards (Monmonier, 2005). 
Although these technologies helped cartography become recognised as a science (Harley, 
1990:9), people who use maps that are produced using automatic processes, particularly on 
the Internet, find it difficult to identify the boundary between reality and representation 
(Peuquet and Kraak, 2002). Caquard and Taylor (2005:290) feel that considering artistic 
elements in the listed technologies can help change this. 
 
As stressed throughout this thesis, flood warning messages need to mean something to people 
and be clearly communicated in order for constructive actions to be taken (Emergency 
Management Australia, 1999). This means that people need to be able to learn how to use the 
online interactive flood maps developed as part of this research quickly. It is the opinion of 
Caquard and Taylor (2005:287) that an aesthetic experience can enhance the pleasure of 
learning as it is an emotional experience. This statement stems from the opinion of Pedretti 
(2004) who sees learning as primarily being motivated by emotion and not cognition.  
 
In addition to aesthetically pleasing graphics, it is proposed here that the use of non-
photorealistic (NPR) rendering be considered when designing flood maps. According to 
Döllner (2007:231) NPR computer graphics denotes the “class of depictions that reflect true 
or imaginary scenes by stylistic, illustrative, or artistic style” and allows us to implement 
abstract, aesthetically pleasing and adequate GeoVis. Differences between NPR and 
photographic and physically-oriented styles include the shape representation, colouring, 
lighting, shading, and shadowing.  
 
Non-photorealistic is the chosen method of rendering because it is deemed more suited for the 
application – communicating flood warnings to residents in town/cities – than photorealistic 
rendering. Reasons for this are based on deductions made by Döllner (2005, 2007) on the 
effectiveness of the two rendering methods on 3D models of cities. For photorealistic 
rendering techniques to achieve impressive results, they depend upon geometric and graphical 
detail. Döllner (2007:230) makes a point that “the lack of sufficient detail is often frustrating 
– not only because highly detailed data would actually be required at early stages of 
construction but also because without such detail the visual results are not convincing from a 
perception’s and an observer’s point of view” (Figure 5.1). However, high-quality and 
complete data is rarely available. For the purpose of the application (communicating flood 
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warnings), a great amount of rendering detail is not required. Instead, it is preferred that the 
3D model emphasises landmarks (whether by means of photo-rendering or labels) and that 
buildings are colour coded to represent general land use such as residential, business or 
public.  
 
Figure 5.1 This figure shows photorealistic (left) and non-photorealistic (right) visualisations of the 
same 3D model. The image on the left shows how a lack of detail in imagery can compromise 
information such as road definition. The image on the right shows how non-photorealism can counteract 
this by better defining the roads through illustration. Image taken from Döllner (Döllner, 2007:230). 
 
It is also proposed here that the use of 3D maps can provide the public with a novel 
representation of flood warnings that will attract a user’s attention. There are several 
advantages to using 3D maps for communication. This includes: 
• The enhancement of human depth cues for spatial cognition (refer to Kirschenbauer 
(2005) for more detail); 
• The ability for users to view objects from different sides; 
• 3D can make things easier for non-experts to comprehend (King et al., 1989; Mach 
and Petschek, 2000); and 
• Data in 3D is already available since most landscape data exists in 3D. 
In addition to this, there is a belief that 3D visualisation is a natural way to communicate (Al-
Kodmany, 2001; Mach and Petschek, 2000). The effectiveness of 3D maps for flood risk 
communication, compared to 2D maps, has been tested as part of the research in this thesis. 
Results are discussed in chapter 8. 
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In summary, this final component of the framework proposes that maps used for 
communicating flood warnings to the public be aesthetically pleasing and in 3D rendered with 
NPR graphics so to attract attention and engage the user. 
5.4 CHAPTER SUMMARY 
This chapter has addressed relevant issues discussed in the literature review of prior chapters. 
In doing so, a framework outlining a proposal for how flood risk communication to the public 
can be improved has been presented. The framework is comprised of four inter-related 
components and stems from the key question in this research:  
‘how can we communicate early flood warnings and relevant flood 
information to the public so that messages are understood and motivate those 
at risk to minimise damage and maximise safety?’ 
 This question has been raised by numerous authors including Betts (2003); Crapper et 
al.(2005), Fischhoff (1995), Handmer (1990; Handmer, 2000), Keating (2005). The four 
components that arose from this question suggest that flood risk communication to the public 
can be improved if: 
• Flood warnings are personalised;  
• Aesthetically pleasing maps are used to organise personalised flood warning 
messages; and  
• The Internet is used to disseminate the messages so that updates can reach a large 
number of people in a short time.  
 
It has been proposed that messages be personalised so that they mean something to those at 
risk. For several years, experts have been urging that messages be personalised (Betts, 2003; 
Handmer, 2000), but there is no known flood warning system that has pragmatically and 
successfully done this. Sending personalised flood warning messages to the public is a 
challenge using traditional dissemination modes such as radio and television as the presenter 
would need to read a list of separate warnings for each person at risk. Interactive maps, on the 
other hand, can store much information in a small space. Here, it is suggested that 
personalised information be organise on maps, property specific and accessed by the user by 
selecting the property of interest. 
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The framework proposed in this chapter has guided the prototype developed as part of this 
research. The remaining chapters describe, in detail, the prototype development process, how 
the prototype was tested, results of this test and a discussion. The next chapter is concerned 
with the development of the prototype and specifies the design objectives and a description of 
the how the prototype works, the necessary data, the study area requirements, the criteria used 
to choose the development environment and an outline of how the prototype was developed. 
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CHAPTER 6 DEVELOPMENT OF THE PROTOTYPE 
 
 
6.1 INTRODUCTION  
In order to test the framework, a prototype flood warning system has been developed and 
tested. This chapter provides a comprehensive description of the design and development 
process for the prototype. In addition to this, the selected study area and the adopted 
development environment are described. Justification for why the selected study area and 
development environment were chosen is also given. 
 
The design and development process began with a series of informal meetings with experts in 
flood forecasting, emergency management and risk communication. These meetings provided 
valuable information regarding current flood risk communication procedures within Victoria. 
The prototype is a collection of GeoVis tools of varying purpose. Nine GeoVis tools were 
proposed in the initial design and were evaluated by experts in community safety, emergency 
services, flood management, and visualisation and cartography. Three tools that were highly 
rated (as evaluated by experts) were developed for testing. These are the Flood Warning tool, 
Safety Information tool and Find Property tool. The design of the tools was guided by a set of 
design objectives, which are outlined in this chapter in section 6.2.1. 
 
So that the prototype could be applied to various flood prone areas, it was designed as a 
template. However, in order to evaluate how useful and effective the system is for the public, 
a study area was chosen and the prototype was customised to this area. In choosing a suitable 
study area, set criteria (mainly based upon framework requirements) were used to assess each 
option. The township of Myrtleford in northeast Victoria, Australia was determined to be 
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suitable, as it met all the requirements (outlined in section 6.4.1). Other locations considered 
were Traralgon and Wangaratta, within the state of Victoria.  
 
The development of the prototype adhered to design requirements (see section 6.5.1) 
including interactivity, 3D maps and database connectivity. With a multitude of computer 
programming scripts and software available, finding a suitable development environment was 
guided by pre-determined criteria. The five development environments that were considered 
are AVS/Express Multiple Edition, ESRI’s ArcView GIS, IBM Visualization Data Explorer, 
Virtual Reality Modelling Language (VRML) in conjuction with the Hyertext Preprocessor 
(PHP) scripting language, and 3d Nature’s World Construction Set. VRML in conjunction 
with PHP satisfied the criteria and was used to develop most of the prototype. A Java applet 
was also developed to work as an External Authoring Interface (EAI) as part of the Find 
Property tool. The prototype was designed and developed as a template meaning that it can be 
applied to other flood prone areas other than the chosen study area – Myrtleford. The 
development process for both the template and the prototype as customised to Myrtleford are 
given. 
 
This chapter begins by outlining the conceptual design of the GeoVis tools as well as an 
evaluation. The study area is then discussed followed by the development environment. This 
is followed by a detailed outline of how the prototype was developed. 
6.2 CONCEPTUAL DESIGN OF GEOVIS TOOLS 
The conceptual design of nine GeoVis tools was the outcome of several informal meetings 
with authorities on topics of emergency management, risk communication and flood 
management at the Bureau of Meteorology (BoM), Department of Natural Resources and 
Environment (DNRE)
4
, the Rural City of Wangaratta, The Alpine Shire, and The Centre for 
Risk and Community Safety at RMIT University. The meetings were held as a way of 
obtaining information that was not then documented or was difficult to access through 
literature. For example, these meetings provided the names of primary river monitoring 
gauges and the flood prone towns that rely on data collected at these gauges for warnings, as 
                                                
4 Department of Natural Resources and Environment (DNRE) no longer exists as a department. It has been split 
into two separate departments: 1) Department of Primary Industries; and 2) Department of Sustainability and 
Environment. However, at the time of undertaking this research, authorities spoken to worked for DNRE. 
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well as smaller flood prone areas that could, potentially, be used as a study area for this 
research. All three levels of agencies (commonwealth, state and local) were approached and 
all were equally helpful. However, local agencies were able to provide information of greater 
value as the information was directly at hand.  
 
Commonwealth and state agencies were the first to be approached as the intention was to 
begin broadly. The first informal meeting was organised with engineers from the BoM: Alan 
Baker, Elma Kazazic and Soori Sooriyakumaran on the 8
th
 of  July 2002. The BoM staff were 
helpful in explaining the logistics of the stream gauging system including how the river 
heights for gauged Victorian rivers are captured and relayed back to the BoM in Melbourne. 
Since the Victorian sector of the BoM shares the responsibility for installing and maintaining 
stream gauges all over Victoria (BoM, 2001), the engineers provided information regarding 
the status of flood studies in several high flood risk communities such as Shepparton, Euroa, 
Benalla, Traralgon, Wangaratta and Myrtleford.  
 
The Department of Natural Resources and Environment (see footnote 4) is another 
government body responsible for the installation, operation and maintenance of state-wide 
stream gauges. A meeting was held with Lou Torelli of the DNRE Floodplain Management 
Unit on the 24
th
 of July 2002. Torelli was very helpful in providing flood data such as aerial 
photographs and flood plans in Adobe Acrobat .pdf format for all of Victoria. This data is part 
of the Flood Data Transfer Project  (FDTP). The FDTP was initiated by DNRE in 1997 as a 
means of controlling the transition of floodplain management from State government to local 
government and regional Catchment Management Authorities (CMAs). The project objectives 
were: to produce high quality GIS layers and hardcopy maps depicting various flood data 
within the North East CMA region in Victoria; to write flood information reports for 
Municipal and River basin boundaries; and to re-organise flood data kept by the DNRE 
Floodplain Management Unit. 
 
The BoM and DNRE provided enough general information to move into the localised area of 
local government councils. A meeting was organised with Neil Ottaway in Wangaratta on the 
8
th
 of August 2002. Being the Emergency Manager for the Rural City of Wangaratta, Ottaway 
was able to show a series of flood maps used for mitigation purposes as well as flood warning 
during the time of a flooding event. Ottaway also directed attention to the Flood Response 
Guidelines for the Alpine Shire and the Rural City of Wangaratta (Rural City of Wangaratta 
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and Alpine Shire, 2001), and provided contact details for the leaders of the local community 
Flood Watch group.  
 
The three informal meetings listed provided enough information on data availability and 
stream gauge logistics to narrow down the study area to Myrtleford in north-east Victoria 
(reasons for choosing Myrtleford are given in section 6.4 of this chapter). To gain local 
insight in Myrtleford, on the 8
th
 of August 2002, a meeting with Ian Nichols – the manager of 
Strategic Services at the Alpine Shire, was organised. Through Nichols, three reports were 
identified as key resources for understanding local issues and how they are being addressed. 
The first was a report written by Hydrotechnology (who have now merged into Sinclair 
Knight Merz) in 1995 (Hydrotechnology, 1995). This report was commissioned following the 
1993 floods that severely impacted on Myrtleford. The second is a scoping study that was 
written in 1997 by Ian Drummond and Associates (1997). The purpose of the report was to re-
cap flood management strategies in Myrtleford thus far as preparation for the Myrtleford 
Floodplain Management Study (Sinclair Knight Merz, 2000). The Myrtleford Floodplain 
Management Study (Sinclair Knight Merz, 2000) is the most recent and most thorough flood 
study for Myrtleford that comes with a series of flood maps showing extents, depth and 
velocity for six different flood events.  
 
The last of the informal meetings was on 14
th
 of August 2002 with members of the Centre for 
Risk and Community Safety at RMIT University. The purpose of this meeting was to discuss 
the benefits and disadvantages of using geographic visualisation tools for flood risk 
communication to the public. Members of this group felt that the tools would be better suited 
to educational purposes, opposed to close-to-real-time flood risk communication.  
 
The five informal meetings were particularly valuable in locating available data, as generally 
documentation of the exact source of flood data in flood literature is uncommon. Discussions 
in these meetings also helped shape a set of design objectives for the GeoVis tools. These will 
be discussed next, followed by a description of the types of flood data available in Victoria. 
 
6.2.1 Design objectives 
The design of the tools was based around several major design objectives. The objectives are 
primarily concerned with the proposed framework discussed in chapter 5 of this thesis. 
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Secondary objectives are concerned with the development environment. The primary design 
objectives are to: 
• Design tools that will help people gain a better understanding of flood warning 
messages; 
• Use geographic maps and graphics as the main form of communication; 
• Reverse the general apathy from the public in flood awareness and improve the 
general understanding of flood warnings by using an aesthetically appealing and 
easy to use interface that would attract the user’s interest and compel them to use 
the tools on a regular basis. Basic interactivity will also be used as a way of 
attracting attention and involving the public; 
• Personalise the information by using a large-scale map to show the floodwater 
extents at a local level; 
• Use a delivery medium that people can access with minimal cost and at any time of 
the day; and 
• Design the tools so that they comply with existing flood data. 
 
The secondary objectives are: 
• Preferably use freeware or and open source programming language for developing 
the tools; 
• Make tools accessible to not only users at a low cost but also developers who wish 
to add additional functionality to the tools; and 
• Design the tools so that they can be applied to various flood prone areas and 
communities, that is, design a template for the tools. 
6.2.2 Data 
As well as the design objectives listed in the previous section, the tools were designed to 
comply with existing flood data formats. This section provides general information about the 
type of flood data that is available in Victoria.  
 
Flood data can be split into three main categories: 1) river heights that are measured and 
recorded in real-time at a gauging station; 2) historical data (flood data that has been collected 
before, during and after past floods); and 3) data produced from hydraulic and hydrologic 
analysis. A description of each of these categories follows. 
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1) River heights measured at a gauging station 
River heights are collected at gauging stations that have been placed strategically in river 
basins. The majority of gauging stations are managed by the BoM. Those that are not 
managed by the BoM are managed by either local governments or private owners. All river 
heights are accessible online by the public from the BoM’s Flood Warning Service 
(http://www.bom.gov.au/hydro/flood). River heights are updated on a daily basis. The 
frequency of updates increases if there is a need to intensify monitoring because of observed 
rapid rises in river height. Individuals may also make a request for river heights at a time 
interval of their choice, for a small processing fee paid to the BoM. Most of the gauging 
stations are automatic where the height is transmitted to the BoM over a telephone line. 
Stations that are not automatic require the height to be recorded manually. 
 
2) Historical data 
Data collected from past floods is quantitative, qualitative, photographic and graphic. This 
includes height levels, flow velocities, aerial photography, ground-based photographs, maps, 
any documentation such as articles or reports, and verbal information from people present 
during the flood. The availability of this data depends on how well the incident was 
documented. This type of data is generally found through local councils, newspapers, 
booklets, community information centres, libraries and private owners. 
 
3) Product of hydrologic and hydraulic analysis 
The combination of hydrologic and hydraulic analyses can produce design hydrographs and 
flood inundation maps for various Average Recurrence Interval (ARI) design events that are 
tied to specific gauge heights for a particular gauge. The inundation maps include flood 
extents, shaded flood depth zones and flood contours. Other products of hydrologic and 
hydraulic analysis are derived rating curves for particular gauges where water levels are 
plotted against discharge, and design flood hydrographs. Hydrologic models rely on 
concurrent stream flow and pluviographic records for calibration. The hydraulic model relies 
on observed flooding behaviour in a given historical flood event for calibration. For best 
modelling results, highly accurate surface levels and surface contours are used and collected 
through feature surveys and cross-section surveys. The best source for hydraulic analysis, 
hydrologic analysis and consequent models are flood studies that are usually commissioned 
by local government council or catchment authorities. The chances of obtaining a flood study 
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depends on how cooperative the owners are in offering permission for use. A thorough flood 
study also provides information regarding existing data, past floods, damage assessments, 
flood mitigation options and geomorphology for the studied area. 
6.2.3 Initial design of the tools 
Information of much value was gathered through the informal meetings including details on 
how flood warnings are issued and collected, the location of gauging stations in Victoria and 
how this information is relayed to the public, the types of flood data available and, most 
importantly, suggestions as to suitable study areas within Victoria for this research. This 
information was enough to begin the initial design of the GeoVis tools.  
 
In total, nine tools were conceptually designed with each tool meeting the design objectives. 
The names for each tool are: 
• Flood Warning tool; 
• Query Property tool; 
• Find Property tool; 
• Safety Information tool; 
• River Conditions tool; 
• Rate of Rise tool; 
• Rainfall Conditions tool; 
• Flood depth tool; and 
• Virtual Flood tool. 
 
The idea was to design a suite of tools for a flood warning system that utilise a central graphic 
interface. Therefore the tools were designed with as much interconnection as possible. Figure 
6.1 illustrates the relationship between each tool. The Flood Warning tool is the central tool. 
The Query Property tool, Find Property tool, Safety Information tool and Flood Depth tool all 
work with the Flood Warning tool. The Virtual Flood tool is used independently of other tools 
and is considered more of an educational tool as it is not connected to real-time data. The 
River Conditions tool and the Rainfall Conditions tool depend on only part of the Flood 
Warning tool hence the linking arrows are dashed. The Rate of Rise tool works with the River 
Conditions tool. An outline of each tool follows.  
 
Geographic visualisation tools for communicating flood risks to the public 
 128 
 
Figure 6.1. The links between each of the tools.  
 
1. The Flood Warning tool  
The Flood Warning tool is the core tool. The function of this tool is that it relates the river 
height – as recorded by the BoM and is displayed on the BoM’s Flood Warning Service 
website (http://www.bom.gov.au/hydro/flood/) – to the appropriate flood event map. Relating 
the river height reading that is displayed by the BoM on their website to the corresponding 
map is an automated process. This tool does not require any interaction from users. It 
provides the user with a visual depiction of possible flood extents that are updated when the 
river height gauge readings are. Figure 6.2 outlines the basic idea of the tool. 
 
 
Figure 6.2. The basic idea of the Flood Warning tool. 
 
 
The Flood Warning tool relies on the following data:  
• Study design event maps of the inundated area. Study design event maps are a 
product of floodplain studies. These maps are made using information obtained 
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from hydrologic modelling, hydraulic modelling, and historical data. They are in 
two dimensions and are paper prints; 
• A river height gauging station that provides at least 8 hours of lag time between the 
peak reading at the gauging station and the location of the community expecting 
inundation. The river heights collected at this gauging station must be distributed 
and updated on the BoM’s Flood Warning Service. This service includes a tabulated 
bulletin of river heights for numerous gauges nation wide.   
 
The construction of the tool requires two key steps: 1) the creation of the map through 
geographic visualisation; and 2) relating the river heights to the appropriate map over the 
Internet. These steps are described in more detail in the following sections. 
 
4) Creating the map 
The map of the flood area will be a three dimensional, interactive map with an element of 
virtual immersion.  The map will be based on flood event maps from floodplain management 
studies. Geographic coordinates and heights for buildings, roads and floodwater extents will 
need to be known for modelling. A separate map will be required for each flood event.  
 
5) Relating the river heights to the appropriate map over the Internet 
As shown in Figure 6.2, a small computer application will firstly extract the river height from 
the BoM website. The application will then find the most appropriate map for that river height 
and display it in a Web browser for user viewing and interaction. Since river heights are 
subject to change the program must be able to replace data with updates. 
 
The next three tools to be described (Query Property tool, Find Property tool and Safety 
Information tool) all work from the map displayed by the Flood Warning tool. 
 
2. Query Property tool 
The Query Property tool has two purposes. The first is to allow users to identify the property 
they have selected from the map by allowing the property address to be viewed. The second is 
to provide the user with a sense of greater spatial orientation within the 3D map, through a 2D 
navigational map. 
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Using the Query Property tool for identifying property works in a similar fashion to the 
Geographic Information System (GIS) ‘Identify tool’ where a user is able to click on a map 
feature using the mouse and obtain data particular to that feature. Users can obtain property 
information such as the street address, the dimensions of the property and the Map Grid 
Australia (MGA) coordinates. All the user needs to be able to do is to click on the property on 
the map with the mouse. The property information will then be displayed. A sketch of this is 
provided in Figure 6.3. 
 
Figure 6.3. A conceptual sketch of the Query Property tool. 
Upon selection, properties are highlighted on both the 3D map and the accompanying 2D 
map. Using a 2D map along side a 3D map greatly increases the navigability in a virtual 
world (Moore, 1999). The two maps will be dynamically linked so that when the user selects 
a property from the 3D map using the tool, the selected property will be highlighted in both 
the 3D and 2D maps. The user will also be able to select property on the 2D map, resulting 
with that property highlighting on both the 2D and 3D maps. Zooming capabilities will be 
available for the 3D map, but the scale of the 2D map will not change.  
 
This tool will be designed so that only minimal, basic interaction from the user is required. 
Interaction is an important aspect of GeoVis as it allows the user to control the amount of 
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information they wish to access at any one time (Asche and Herrmann, 1994). (Refer to 
chapter 5, section 5.3.3 for more on interactivity). 
 
3. Find Property tool 
The Find Property tool is similar to the Query Property tool in that it allows the user to locate 
a property on the 3D map. The difference between the tools is the way in which the user finds 
the property location. With the Find Property tool a user must supply the address of the 
property first and then that property will highlight. The Query Property tool requires the user 
to select a property from the map before viewing property information such as the address. 
 
With the Find Property tool, the user supplies the address of the property via an index of street 
numbers, street names, and street types in a pull down menu (Figure 6.4). Once the user has 
selected an address they wish to locate on the 3D map the property will highlight on the 3D 
map.  
Balmoral
Drown
Flood
Float
Fruitful
Gargle
Green
Moonstone
Ocean
...
Avenue
Arcade
Boulevard
Circuit
Close 
Crescent
Court
...
 
Selec t Street no...
1
2
3
4
5
...
 
Figure 6.4. With the Find Property tool users can find certain properties once the address is specified. 
 
4. Safety Information tool 
The Safety Information tool provides the user with suggested safety precautions during times 
of anticipated flooding. Each safety precaution is customised to suit individual properties and 
is aimed at property owners and occupants. This gives the user a personalised account of how 
the anticipated flood could affect their property and what they should do to minimise any 
dangers to themselves or their property. 
 
For a user to view the safety information, they must select a property – using the computer 
mouse – from the map. As with the Query Property tool, interaction from the user is kept to a 
basic level. 
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The content of each safety message is dependent upon the velocity and depth of floodwaters 
on and around the property as well as the type of land use. All the safety messages are 
predetermined and are prepared from velocity and depth maps produced as part of floodplain 
management studies. It is important for those at risk to be reminded of the potentially 
dangerous water velocities and water depths that can occur during times of floods. This is 
especially because floods have an irregular nature where 10 years could pass by without a 
flood.  
 
Land use for each property will also be used to prepare the safety messages. The type of land 
use is especially important for commercial, industrial or public properties. This is because 
land use on these types of properties varies greatly, so messages will have to reflect these 
variations. For example if the land is occupied by hardware store, part of the safety message 
would advise owners to raise all harmful solvents such as paints, bleaches and petrol onto 
higher ground. The other part of the message would provide the user with the anticipated 
heights and velocity in and around the selected property. Example:  
“There is a high risk that floodwaters will surround and possibly enter this 
property today. High-speed waters can be expected. This property is in an area 
that can expect floodwaters of around 0.50 to 0.70 metres, above ground level. 
Beware: the force of the water is strong enough to effortlessly carry away a 
human weighing 100 kg”. 
Likewise, if the chosen property were an antique store, owners would be advised to – for 
example – “raise or move all valuables to a safer spot and prepare sandbags for the south 
most corner of the store as that is where the deepest flooding is expected to occur”. The 
owners would also be told where sandbags could be obtained. 
 
5. The River Conditions tool 
The River Conditions tool givers users access to daily river heights. The heights are plotted 
against time onto a graph. The purpose of the tool is for the user to see the variations in river 
height over time and associate the river height with the appropriate flood event map that is 
displayed by the Flood Warning tool. The use of graphs for representing seasonal and yearly 
changes in the flow or discharge of a waterway is common. These graphs are called 
hydrographs (Basin, 2002). 
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The graph itself is a 2D graph with time on the x-axis and river height in metres on the y-axis. 
The interval of time will most likely be in days, but is dependent upon how often the river 
heights are read. The tool will provide a continual, up-to-date plot of the gauge readings. The 
gauge readings will come from the same source as they do for the Flood Warning tool and 
therefore will be taken from the BoM website via the Internet. A total of seven plots will be 
displayed at any one time i.e. a seven-day plot (Figure 6.5). The graph will be updated daily at 
the same time.  
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Figure 6.5. The River Conditions tool provides a real-time, continually updated plot of gauge readings 
over time. As time moves on, the plot is updated accordingly. 
 
The tool also makes use of the BoM flood classes of Minor, Moderate and Major flooding 
(Bureau of Meteorology, 2001). The y-axis has been dissected into four sections where three 
of the sections have been allocated to a flood class level (Figure 6.6).  
 
Geographic visualisation tools for communicating flood risks to the public 
 134 
Little or no threat
12      11      10      9      8      7       6 
Time (days)
G
a
u
g
e
 R
e
a
d
in
g
 (
m
)
Minor
Major
Moderate
4.50
5.00
5.90
 
Figure 6.6. Each gauge reading is plotted onto the graph. Users are able to click on the reading and if 
that reading falls on a particular flood class, a hyperlink will take the user to the appropriate flood map.  
 
The Minor, Moderate and Major flood classes are a popular means of categorising flood 
impacts. The category levels are not based on frequency. They are based on the likely flood 
impact for a particular locality. Local government are responsible for setting flood category 
levels with guidance from the Victorian Flood Warning Consultative Committee (VFWCC). 
Levels are not static and may change, as more flood impact information becomes known 
(Bureau of Meteorology, 2001). 
 
The successful communication of a message through flood categories is debatable. For a 
person to know exactly what is meant by a Minor, Moderate or Major flood, they would have 
to be familiar with past floods that can be described as either Minor, Moderate or Major. A 
community’s familiarity with past events would rely on the regularity of such floods. For 
example, if the last Major flood for a community at risk was 30 years ago, it is unlikely that 
the majority of the population within the community will remember the event and therefore 
associate a Major flood to that event. Via the River Conditions tool, users who are not 
familiar with past flooding are given a visual picture with which to associate the Minor, 
Moderate and Major flood classes.  
 
To try and improve the understanding of the flood classes, local councils do provide localised 
interpretations such as:  
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“The 1994 flood was classed as a Major flood. Floodwaters of the 1994 flood 
caused Bundarra Street to be completely inundated. North and South bridges 
were underwater as well as Discovery Terrace”.  
But there is only so much that can be described texturally before the reader is swamped with 
information. An advantage of the River Conditions tool is that the user is provided with the 
flood class, but the flood class is communicated through visuals. Therefore instead of a person 
reading down a list of flood-affected locations within their community, they can select a point 
on the graph and view the assumed flood extents via a map. 
 
Although the tools are primarily aimed at the public, the River Conditions tool leans more 
towards members of the public who regularly monitor the local weather patterns such as 
farmers or local councils. 
 
6. Rate of Change tool 
The Rate of Change tool works with the River Conditions tool and is used to find the rate of 
change of the river over time. When a user uses the Rate of Change tool to click on two 
plotted river heights on the graph, the tool will calculate and display the rate of change of the 
river in metres, over time (Figure 6.7). This value will then be interpreted (in text). For 
example, the result could read 0.4 metres over one day. A textural interpretation of this could 
read something along the lines of:  
“This is a rapid increase in river height – possibility of Moderate flooding”.  
If the user is unsure of what a Moderate flood is they are able to click on a hyperlink that will 
take them to a map depicting a Moderate flood level for a particular area. All of the 
interpretations have been pre-defined.  
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Figure 6.7. The rate of change over time of the river height. 
7. Rainfall Conditions tool 
The Rainfall Conditions tool provides users with a continually updated plot of rainfall that is 
measured by rain gauges in and around a particular flood prone community. Each catchment 
in Victoria has several rain gauges allocated to it. Rainfall quantities measured at the chosen 
rain gauges are depicted on a graph. The tool gives users an idea of how much rain is falling 
in and around their home. A 2D map is used alongside the graph so that the user is able to 
identify the spot source and quantity of rainfall. 
  
Rainfall collected by each gauge will be plotted on separate graphs. The quantity of rainfall 
will be shown on the y-axis. Time will run along the x-axis. The source for the rainfall 
quantities is the online tabulated rainfall bulletin maintained by the BoM 
(http://www.bom.gov.au/hydro/flood). The bulletin is part of the BoM Flood Warning Service 
and is relevant to river catchments nation-wide. For each monitored catchment there are 
several rain gauges strategically positioned within the catchment. The Rainfall Conditions 
tool can be applied to one or many rain gauges in a catchment. The location and recorded 
quantity of rainfall for each chosen gauge is shown on the 2D map and updated accordingly.  
 
Layered beneath the graph will be Low, Medium and High rainfall categories similar to the 
Minor, Moderate and Major categories used in the River Conditions tool (Figure 6.8). Certain 
volumes of rainfall will produce flooding. When this rainfall volume is recorded, it will be 
detected as a high-risk rainfall quantity and a warning will be displayed that informs the user 
of the possibility of floodwaters. Links to corresponding event maps will be available.  
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Figure 6.8. An example depiction of the graph used to plot rainfall quantity. 
 
 
Figure 6.9 A 2D map is used with the graph to show where the rain is falling and the degree of rainfall. 
The map and graph are updated simultaneously. 
Rainfall quantity can be a good indicator of the possibility of flooding. But for those who are 
not familiar with rainfall patterns, the Rainfall Conditions tool is a good education tool. For 
example, the tool can help people understand how much rain should be expected before a 
Major flood will occur.  
  
8. Flood Depth tool 
The Flood Depth tool helps people understand where unsafe and deeper waters are expected 
during a flood event. The tool uses a map to show the location of buildings, roads, parks and 
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the extent of the anticipated floodwaters. Slight changes in colour shade will be used to show 
water depth. Depths will be shown in categories. The source of the water depth data will come 
from maps that were produced as part of a floodplain management study. A different map will 
need to be made for each flood event. Similar to the Flood Warning tool, each map is pre-
drawn and displayed according to the river height displayed on the BoM Flood Warning 
Service website.  
 
Using a mouse, users are able to click on the map on inundated areas and be given the 
anticipated water height. If necessary a warning or safety message will accompany the 
interpretation such as:  
“The water at this point is expected to exceed 2 metres. Do not enter this area. 
Stay clear of the intersection of Underwater Avenue and Backstroke Street”.  
9. Virtual Flood tool 
Unlike all the other tools that work in close-to-real-time, the Virtual Flood tool is an 
educational tool that enables users to view and interact with hypothetical flood conditions. 
The tool itself does not convey safety precautions for an anticipated flood event, but allows 
the user to create a virtual problem and view the expected conditions. It is seen as an 
educational tool. 
 
With this tool the user is provided with a map of a town. Next to the map a sliding bar is 
drawn to resemble a river height gauge, with units in metres. Also marked on the gauge are 
the expected flood events for certain river heights. The map and the slide have been 
dynamically linked so that when a user slides to a height, the water extent on the map 
changes. For example, for a hypothetical area prone to flooding, a 1 in 100 year flood can be 
expected once the height at a nearby river gauge reaches approximately 5.90 metres. 
Therefore using the Virtual Flood tool, once the user slides the gauge to 5.90 metres, the map 
is updated to show the water extents expected for that height. The user will also be told that 
according to flood studies, a recorded height of 5.90 metres at stream gauge X, corresponds to 
a 1 in 100 year flood. 
 
Although the map shows the expected water extents for certain river heights, the map alone is 
not a strong method of awareness, as consequences of such inundation are not shown. 
Therefore, textural descriptions, photographs, images and other visual material relevant to the 
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particular river height or flood event will accompany the map and slide. Textural descriptions 
will include: 
• Newspaper clippings and articles documenting past events that were of similar 
extent to the flood event created by the user with the Virtual Flood tool; 
• Damage reports and the cost of the damage; and 
• Safety and warning messages such as:  
“A 1 in 100 year flood will cause the water level to rise half a meter above Seedy 
Bridge. Fast flowing waters strong enough to lift and carry a 100 kg man are 
expected to run down Pumpkin Street and Melon Road – avoid these areas.” 
 
Accompanying visual material includes: 
• Aerial photographs of past events; and 
• Photographs, images and videos that show the damage and devastation caused by 
past events. Because of the irregular nature of floods, people need to be reminded 
that they live in a flood risk area.  Memorabilia such as photographs, images and 
videos provide evidence of the destruction and damage brought by past flooding. 
6.3 DESIGN REVIEW 
The prior section outlined the conceptual design for nine GeoVis tools. Not all the tools could 
be developed and tested due to the time limits of this research. Therefore the number of tools 
developed and tested was restricted to three. This review is included to help assist in deciding 
which three tools should be developed. The aim was to ask experts in either one or more of 
the following areas: community safety; emergency services; flood management; and 
visualisation and cartography, to evaluate the tools and provide feedback on the overall design 
and purpose of each of the tools. These areas were chosen because they reflect the cross-
disciplinary nature of this research. A total of 11 experts were chosen from various 
government organizations in Victoria and New South Wales5. Experts, as opposed to random 
members of the public, were used to review the tools because of their strong familiarity with 
flood data and issues in flood management. Ratings given to the tools and related comments 
                                                
5 This research focuses on flooding in the State of Victoria. However, when most Victorian agencies were asked 
to participate in this review, they could provide the time of only one person. Therefore, to raise the number of 
participants in the review, experts from the State of New South Wales were also asked. 
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influenced the decision as to which tools should be developed and tested. A questionnaire – 
titled Questionnaire #1 – was used to collect this data. Questionnaire #1 and relevant Plain 
Language Statement can be found in Appendix 1. 
 
The statistically accepted minimum sample size is 30 people (Alston and Bowles, 2003). The 
reason for why a smaller sample than 30 was used is because results obtained from 
Questionnaire #1 do not directly contribute to proving a concept or validating an aim or 
objective related to this project. Also, the decision regarding which tools will be developed 
and tested was not based purely on the results obtained from Questionnaire #1. The reason for 
this is that participants were asked to rate and provide opinions on first draft conceptual ideas 
opposed to a practical example. Therefore, so that time was not lost in: 1) finding 30 or more 
suitable participants; and 2) going through the process of interpreting data that is used to 
partially influence a decision and not make a decision, the sample size was left small. 
However, a sample size of around 30 participants (a portion of those are random members of 
the public) has been used to test the developed tools and will be discussed in the next chapter. 
 
Questionnaire #1 is comprised of two sections: (1) Part A; and (2) Part B. The intension of 
Part A was to gather information about the participants’ experience with floods and their 
background expertise. Almost all questions have a nominal level of measurement in Part A.  
 
In section Part B participants were asked to rate questions regarding the described purpose, 
practicality, and how useful they felt the tool would be for flood risk communication to the 
public. This section relied upon both a nominal level of measurement with closed-ended 
questions, as well as open-ended questions where suggestions, opinions and comments were 
invited. Statistical results from Questionnaire #1 partially influenced which tools were 
selected for development and testing. Comments also helped to select tools for development 
and testing, but comments mainly helped in revising the tools.  
 
The results of Questionnaire #1 will be discussed in the next section. 
6.3.1 Questionnaire #1 – results 
The participants comprised six emergency management experts, one community safety 
expert, one risk communication expert, one cartography expert and two of unknown 
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expertise
6
 (see Appendix 2 for summary table). Floods have affected 54% of participants, and 
45% of those affected are emergency management experts.  
 
Participants were asked to use a rating key to rate the tools where 1=Poor, 2=Below Average; 
3=Uncertain; 4=Above Average and 5=Excellent. All of the ratings along with comments 
were tabulated. When calculating the total score for each of the tools, a score of 3 in 
‘3=Uncertain’ was changed to 0. This was necessary to avoid inappropriate allocation of 
points to an ‘Uncertain’ rating. Consequently, the score allocated to ’Above Average’ and 
’Excellent ’ was changed to 3 and 4 respectively.  
 
The number of questions allocated to each tool was not constant. The consequence of this is 
that tools with more questions would possibly score higher. In order for a comparison to be 
made between the scores given for each tool, scores were changed to a percentage of the 
maximum achievable score for that tool, opposed to using the summation of ratings or 
average ratings. This was calculated for every participant and followed by a total sum. The 
score for each tool is shown in Table 6.1. See for Appendix 2 more detail. 
 
TOOL SCORE RATING 
Virtual Flood  5.55 1 
Flood Depth 5.00 2 
Safety Information 4.84 3 
River Conditions 4.84 3 
Flood Warning 4.68 4 
Rate of Rise 4.40 5 
Find Property 3.53 6 
Query Property 3.33 7 
Rainfall Conditions 3.05 8 
Table 6.1 The score allocated to each tool by questionnaire participants. 
 
The top 5 scoring tools were the Virtual Flood tool, Flood Depth tool, Safety Information 
tool, River Conditions tool and the Flood Warning tool. Comments for each of these tools 
were generally positive and supportive. The Virtual Flood tool received the best commentary 
and was generally perceived as a good general awareness tool for the public. Suggestions for 
                                                
6 Although two participants failed to indicate which area they are experts in, their questionnaire responses are 
still of value to the results as the results are not being analysed against the expertise type of questionnaire 
participants. 
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improvement included adding a section where users could add information such as stories of 
their own experience with floods and photographs. This tool achieved the highest score and 
was supported with positive comments. 
 
With regard to the Flood Depth tool, several participants suggested the inclusion of water 
velocity information, since high water velocities add to safety risks and damages to 
infrastructure. The inclusion of inundation duration was also suggested. A few issues were 
also brought up regarding the Flood Depth tool. One of these was that people could use the 
tool for reasons other than for safety. For example, a person might use the tool to find deep 
water and then visit the location for ‘play’ reasons, inadvertently creating danger and 
consequently diverting essential emergency management resources. Another issue is the time 
lag between the time a person checks the water depth at a particular location, online, and the 
time that they physically cross the water at that location. For example, the tool may indicate 
that the water depth is low enough to safely pass through. Although, by the time the person 
physically arrives at the location, it is possible that the water has risen substantially, 
drastically increasing safety risks.  
 
In regards to the Safety Information tool, there were two main concerns. The first challenges 
the use of ‘guesstimates’ in a decision-making situation. One participant stated that if 
‘guesstimates’ had to be used, the uncertainty associated with this measurement must clearly 
be communicated to the public. Two participants also made the point that the general user has 
difficulty in understanding probabilistic concepts, therefore complicating the communication 
process. The second concern raised the issue of privacy. In regards to this issue, one 
participant said that the public should only have access to information regarding their own 
property, but that full access could be given to emergency managers. 
 
The main concern with the River Conditions tool was that the size of the interval was too 
large. Several participants noted that the 24-hour interval should to be reduced to every few 
hours since river conditions can change several times over a day. There was also a suggestion 
that the tool might be best restricted to emergency managers. This way unanimous safety 
decisions can be made rather than having hundreds of individuals using their own 
interpretations. Other suggestions included: (1) add peak heights from historic floods so that 
people are able to tell whether the approaching flood is bigger or smaller than floods they 
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have experienced in the past; and (2) use forecast river heights. Displaying the flood 
categories and linking to corresponding inundation maps was also seen as a good idea. 
 
Suggestions for improvements to the Flood Warning tool included using forecast gauge 
readings as this would enhance the warning side of the tool and allow users to input other 
forecast gauge heights. There was a concern relating to the complexity of the tool. Although 
the tool does not require any physical interaction by the user, the way in which the tool was 
described in the questionnaire, could insinuate a level of complexity that is too high for the 
average member of the public to comprehend. Another concern was allowing the general 
public to make interpretations based on a map. A comment was made that the design of the 
map must clearly communicate the situation so that as many possible users understand the 
circumstances and react accordingly. One participant thought that it would be best if the tool 
were restricted to specialists who can convey this information to the public through traditional 
means such as radio and television broadcasts. In regards to the use of a 3D map, one 
participant made a valid point that 3D maps are only useful if they make the information more 
understandable. 
6.3.2 Questionnaire #1 – conclusions  
The final and overall decision as to which tools would be developed and tested was influenced 
by quantitative ratings and comments from experts in several related fields. The role of the 
tools within the overall flood warning system was also a deciding factor. The final four tools 
considered for development are the Flood Warning tool, Safety Information tool, Find 
Property tool, Navigation tool (the revised Query Property tool) and Virtual Flood tool. 
Reasons for why these tools were chosen are to follow.  
 
The Flood Warning tool was rated fourth and comments were not entirely encouraging. 
However it was chosen for development and testing because of its role within the prototype 
flood warning system. The 3D map is part of The Flood Warning tool and is also a vital part 
of the overall flood warning system since all other tools work with it. Also the usefulness of 
using a 3D map to communicate flood warnings is a major part of this research and therefore 
must be developed and tested. As mentioned in the previous section, the way in which The 
Flood Warning tool was described in Questionnaire #1 was not entirely clear. This was 
evident in participants’ feedback and could be the reason for the discouraging comments. 
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The Safety Information tool was placed third. Comments raised two important issues: (1) 
privacy; and (2) using ‘guesstimates’ in potentially life threatening situations. As a solution, 
the Safety Information tool was altered to give users access to the property address, estimates 
of potential water depths based on choropleth inundation maps, and suggestions for safety 
maximisation. Therefore parts of the Query Property tool and Flood Depth tool were 
incorporated into the Safety Information tool. 
 
Even though the Find Property tool was not rated in the ‘top 4’ tools, it will be developed 
because it gives the user an alternative mode of locating a property of interest. It is especially 
important to give users an alternative method of locating map features and when dealing with 
a 3D world where an inexperienced user could easily get lost. 
 
The Navigation tool and The Virtual Flood tool were not developed and tested. An 
explanation as to why is to follow. The Navigation tool is the revised Query Property tool. 
The Query Property tool was rated number 8. This poor rating was supported by comments 
given by several participants who believed that the information disseminated via the tool was 
irrelevant. Therefore only the navigation aspect of the Query Property tool was be retained 
and the name changed to Navigation tool as a way of reflecting the purpose of the tool. The 
Navigation tool is a 2D inset map of the area shown on the 3D map. As the user moves 
through the 3D world, their location is tracked and displayed on the 2D map. However, due to 
time restrictions, this tool was not developed and tested. 
 
The Virtual Flood tool scored highest of all tools and comments were very encouraging. The 
general consensus for this tool was that it has potential to be a good general awareness and 
educational tool. However, since it operates independently to the rest of the tools to be 
developed, it was not a priority and therefore not developed and tested. 
  
In summary, the design review has outlined the results obtained from Questionnaire #1 
including reasons for why the Flood Warning tool, Safety Information tool, Find Property 
tool, Navigation tool (the revised Query Property tool) and Virtual Flood tool were nominated 
for development and testing. It was also explained here that only the Flood Warning tool, 
Safety Information tool and Find Property tool would be developed and tested – mainly due to 
time restrictions. The next section looks at the study area where the prototype was applied. 
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6.4 STUDY AREA 
The prototype was customised to work in an existing study area – opposed to a mock location 
– so that people who reside in a flood prone area can evaluate the system and can assess 
whether they deem the system useful to their needs. The study area chosen is the township of 
Myrtleford in northeast Victoria, Australia. This section outlines the research requirements for 
the study area and provides an overview of each of the considered study area locations. 
6.4.1 Study area requirements 
These requirements were set as a guide in choosing a suitable study area that allowed the 
prototype to be customised. The requirements include: 
• The study area must be at risk of flooding and occur on a regular basis (at least once 
every two years). This condition exists for two reasons: 1) the availability of flood 
data; and 2) the availability of test participants who have experienced flooding; 
• Flood data that allows the construction of each tool must be available. This includes 
maps showing the ARI design event flood extents and velocity vectors, river height 
readings that are updated on a daily basis (at least), and the height of flood water 
above property floor levels; 
• The location must be within Victoria, Australia. This condition exists for two 
reasons. The first is that floods are Victoria’s most costly natural disaster therefore 
this research will be helping improve flood risk communication to Victorians. The 
second reason is to reduce the travelling time and distance for on-going data 
collection and evaluations; 
• There needs to be a lag time of at least 8 hours between the location of the river 
height gauge and the study area. This is necessary since those at risk need enough 
time to receive and react effectively to the warning information. 
6.4.2 Study area: Myrtleford 
As mentioned in the introduction of this chapter, three locations within Victoria, Australia 
were considered as study areas for this research: Myrtleford, Traralgon and Wangaratta. 
Because of the complexity of the stream distribution within and around Traralgon and 
Wangaratta, they were unable to satisfy the final point in the list of conditions in section 6.4.1. 
Myrtleford, on the other hand, was able to satisfy this condition and therefore was chosen as 
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the study area. A brief overview of Myrtleford will be provided here. Traralgon and 
Wangaratta will also be briefly discussed in subsequent sections. 
 
Myrtleford is located in the northeast of Victoria, approximately 300 kilometres east of 
Melbourne on the Great Alpine Road (Figure 6.10). The town is comprised of approximately 
3500 residents with major industries being tobacco, timber logging, agriculture and wineries. 
 
Figure 6.10 The location of the study area for this research: Myrtleford. 
 
The main watercourse running through Myrtleford is the Ovens River. There are several 
tributaries that join the Ovens River in and around Myrtleford. These are the Happy Valley 
Creek, the Buffalo River and Buffalo Creek. The Ovens River is the main contributor of 
floodwaters in and around the town. The river has a catchment area of about 1240 km
2
 at 
Myrtleford and flows northwest starting at the Great Dividing Range. Tributaries running off 
the Ovens River are relatively small and have less capacity than the Ovens. Flooding caused 
by smaller creeks and rivers is more noticeable within residential and commercial areas when 
the extent of inundation is minor.  
 
The town of Myrtleford is located on a fairly flat plain that is surrounded by steep valley 
sides. A number of people reside close to Happy Valley Creek and the commercial district is 
located along the north east of the same creek. Myrtleford has experienced 9 floods of at least 
moderate flooding in the last 26 years (Sinclair Knight Merz, 2000). Major flooding hit the 
township in May 1974, October 1993 and September 1998. There have also been numerous 
moderate floods in very recent years, including 1970, 1975, 1981, 1986, 1995 and 1996.  
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Moderate flood events occurred twice in 1995 and twice in 1996 (Sinclair Knight Merz, 
2000). 
 
The floods of 1993 were severe and spread throughout northeast Victoria. A report by 
Hydrotechnology (1995) documents and reviews the floods of 1993. The report estimates the 
approximate total damage for the Ovens catchment at AU$45 million. Sinclair Knight Merz 
(2000) estimates the 1993 flood to be a 60-year ARI flood. This flood was the largest for the 
community of Myrtleford in living memory. The 1998 flood, the second largest flood in living 
memory, has been estimated by Sinclair Knight Merz (2000) to be a 35-year ARI flood. 
 
The Ovens floodwaters start to break out over the right bank at around 10 kilometres upstream 
of Myrtleford. These waters flow into Happy Valley Creek, potentially inundating the 
floodplain between and next to the two major watercourses. The flood study report by Sinclair 
Knight Merz (2000), states that without intervention, over time the course of the Ovens will 
change to Happy Valley Creek and vice versa. During extreme events, high floodwaters in the 
Buffalo River can force Ovens floodwaters from the southwest of the township of Myrtleford 
into the town causing higher floodwaters (Hydrotechnology, 1995). Localised fringe flooding 
of Myrtleford can also occur if Barwidgee Creek overflows. For the sake of this research, only 
flooding initiated upstream will be taken into account and incorporated into the prototype. 
 
Riverine flood warnings provided by the Bureau of Meteorology (BoM) for Myrtleford are 
based upon stream readings at the Eurobin gauging station, 16 kilometres upstream in the 
town of Eurobin. The lag time between the reading at Eurobin and the water arrival at 
Myrtleford is around 8 hours. 
 
The Alpine Shire actively promotes community flood awareness. Under the Emergency 
Management Act of 1986 the Alpine Shire and the Rural City of Wangaratta are committed to 
protecting their community as part of their Municipal Emergency Management Plan. In June 
2001 a 20 page brochure was published and distributed by mail to members of the community 
in the Alpine Shire and the Rural City of Wangaratta (Rural City of Wangaratta and Alpine 
Shire, 2001). The brochure comes with a fridge magnet that has radio stations that broadcast 
flood updates printed on it. The coloured, 24-page booklet contains information such as:  
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• Emergency telephone numbers for the Victorian State Emergency Service, police, 
ambulance, Department of Natural Resources and Environment, hospitals, Vic 
Roads, and the North East Region Water Authority;  
• Definitions for flood terminology;  
• Tips and things to remember during times of flooding;  
• Information on how the flood warning systems work; 
• Photographs of inundated areas and damage; and 
• A colour map showing the Ovens River catchment, King River catchment, Fifteen 
Mile Creek catchment and the location of river height gauges, rain gauges and 
towns situated along the water courses. 
 
The main mode used to warn people of flooding in Myrtleford is radio. Residents are also 
warned of potential flooding through telephone and fax but need register with the Telephone 
Flood Alerting Plans and the Council Flood Fax Stream Systems. 
6.4.3 Other study areas considered 
The two other locations considered as study areas are the townships of Traralgon and 
Wangaratta. Reasons as to why these towns were not suited are to follow. 
6.4.3.1 Traralgon 
Traralgon is a city of around 21,000 people and is situated 164 kilometres east of Melbourne. 
The people of Traralgon have been affected by major flooding most recently in September of 
1993 and November 1995 (LaTrobe Shire, 1999). During the latest flood incident, 24 homes 
and 3 public buildings were flooded above floor level and another 99 allotments were affected 
by Traralgon Creek floodwaters (LaTrobe Shire, 1999).   
 
Traralgon was considered as a study for the following reasons: 
• The town is frequently affected by floods; 
• The LaTrobe Shire Council is working towards improving flood management in 
Traralgon. The last flood study for Traralgon was Traralgon Creek Flood 
Management Plan commissioned in 1997 and completed in 1999 under the Natural 
Landcare Project. 
• The flood travel time between Koornalla and Traralgon is around 6 – 10 hours 
(LaTrobe Shire, 1999). 
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Due to the complexity of the flow distribution of Traralgon Creek floodwaters, Traralgon 
failed as a study area for the development and testing of prototype tools. Flooding has been 
known to commence in lower parts of the catchment before peak heights are reached in the 
upper parts of the catchment, due to heavy localised rainfall and backwater effects (LaTrobe 
Shire, 1999). The prototype tools are heavily reliant on upstream gauge readings. If 
floodwaters begin in the lower parts of the catchment before peak heights are recorded at the 
gauge upstream the prototype tools will not fulfil their purpose. It is proposed that this 
research demonstrates that GeoVis tools are a viable and successful means of flood risk 
communication to the public, the tools can be adjusted to suit areas such as Traralgon. 
6.4.3.2 Wangaratta 
The City of Wangaratta is 235 kilometres north east of Melbourne with approximately 18,000 
residents. In 1993, the people of Wangaratta experienced the largest recorded flood since 
1885 (Rural City of Wangaratta and Alpine Shire, 2001). This flood adversely affected 
approximately 200 properties within the Wangaratta Township and surrounding rural 
surrounds. The urban damage caused in the Township was estimated at $1.7 million. The 
local council are active contributors to flood mitigation. Between 2001 and 2002, a total of 
AU$258,000 was allocated to flood mitigation works in Wangaratta (Rural City of 
Wangaratta and Alpine Shire, 2001). 
 
As a study area, Wangaratta met the following conditions: 
• It is frequently affected by flooding; 
• The local council (The Rural City of Wangaratta) are very active in improving flood 
mitigation. The last completed flood study is the Wangaratta Floodplain 
Management Study Stage 2 which led to the implementation of the Wangaratta 
Water Management Scheme (Ottaway, 2002).  
 
Wangaratta did not qualify as an appropriate study area because there are various watercourse 
sources that contribute to the overall flooding including: the Ovens River; King River; One 
Mile Creek; Three Mile Creek and Reddy Creek. All watercourses but Reddy Creek are 
gauged, meaning several gauges are used to monitor heights and make event predictions for 
Wangaratta. At this stage, the prototype takes only one river gauge into consideration. 
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The rest of this chapter describes the method adopted for developing the prototype. 
6.5 FINDING A SUITABLE DEVELOPMENT ENVIRONMENT 
Finding a suitable development environment involved a series of steps. The first of those was 
to outline criteria that are to be used to assess possible development environments. The 
second step required thorough research into software, programming languages and scripting 
languages that could be used to develop the prototype. The third step required a final choice to 
be made regarding which development environment was to be used. This section provides an 
account of these elements. 
6.5.1 Prototype development environment criteria 
There are two main parts to the development process of the three chosen tools: the first is the 
3D map showing the flood extents; and the second section is the application of basic user 
interactions for the Safety Information tool and Find Property tool. These are discussed here 
in more detail. 
 
The 3D map, which is used as a base map for all tools, must be in a format that can be 
deployed over the Internet and in 3D. Further to this, map objects need to be interactive, 
graphics should be aesthetically pleasing and the size of the output file needs to be minimal to 
avoid tedious download rates when using a modem with no less than a 33 KB per second 
download capacity. It was also preferred that the development environment be open source. 
Not only would this keep prototype costs at a low, but it will also keep costs low for 
emergency managers, for example, who might be interested in customising the tools for a 
particular community.   
 
The application of basic interaction would need to allow users to click on map objects and 
subsequently obtain information such as safety messages, address and expected water levels. 
This information would be organised in a database, therefore the map objects must be linked 
to the database. The benefits of using a database included: the minimisation of redundancies 
and inconsistencies; greater efficiency in the updating, deleting and adding of data; the 
potential for improved security to data; and reduction in development and maintenance costs. 
Zooming and panning was also required. 
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The development environment had to allow linkages between the 3D map, the database and 
user interactivity. A software package with which the 3D map can be made with and all 
linkages achieved in would be ideal. Alternatively, if a software package could not be found 
to do this, there were programming and scripting languages that could be used as alternatives.  
 
In summary, the requirements for the development environment used to make the 3D base 
map are:  
• Output format must be displayed in 3D; 
• Output format must be viewed over the WWW; 
• The map must be interactive; 
• The graphics need be aesthetically pleasing; 
• The size of the output file needs to be minimal to avoid tedious download rates 
when using a modem with no less than a 33 KB per second download capacity; and 
• Preferably developed using open source software/programming script.  
 
In summary, the requirements for the development environment for applying basic user 
interactions to the map are: 
• Able to link contents in a database to map objects; 
• Able to interact with objects in the 3D map by clicking onto an object and obtain 
information; and 
• Use open source software/programming script. 
 
These requirements were used to evaluate the suitability of various development 
environments that are discussed in the next section. 
6.5.2 Review and evaluation of possible development 
environments 
In finding the best-suited development environment for the prototype, there were many that 
were considered. Each one was assessed against the requirements listed in section 6.5.1 (refer 
to Appendix 3 for a full list and assessment). The assessment enabled the initial number of 
development environments considered to be narrowed to five. The ‘top five’ best-suited 
environments were further investigated for their suitability. It was decided that the 
combination of two open source scripting languages – Virtual Reality Modelling Language 
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(VRML) and HyperText Preprocessor (PHP) – was the best-suited development environment. 
Other development environments that made the final cut were: AVS/Express Multiple Edition; 
ArcView GIS; IBM Visualization Data Explorer; and World Construction Set. 
 
This section provides a brief overview of each of the final five development environments 
considered and describes how well they matched the development requirements, beginning 
with the chosen development environment. The evaluation is summarised in a table in section 
6.5.2.6. A detailed description of the chosen development environment (VRML with PHP) is 
given in section 6.5.3. 
6.5.2.1 VRML with PHP 
The Virtual Reality Modelling Language (VRML) is fundamentally a 3D interchange format 
designed for viewing 3D objects over the WWW (Carey and Bell, 1997). It is a format that 
can integrate multimedia, animation and interactivity with 3D graphics. When it comes to 
database connectivity, the VRML standard used at the time of the investigation was not 
capable of achieving this alone. However, capable programming languages and scripting 
languages can be used to interact with VRML to achieve database connectivity, with varying 
levels of complexity. One of these languages – and the language employed here – is the 
HyperText Preprocessor or PHP as it is more commonly known. Similar proprietary products 
are Microsoft’s Active Server Pages, Allaire’s ColdFusion, and Sun’s Java Server Pages.  
 
PHP was created by Ramus Lerdorf in 1994 for personal use (Converse and Park, 2000). He 
expanded his initial work and put together a package called the Personal Home Page Tools 
(that is, the PHP Construction Kit), which was later re-named to PHP. The main uses for PHP 
scripts are server-side scripting, command line scripting and writing client-side GUI 
(Graphical User Interface) specifications (The PHP Group, 2003).  Another of its strongest 
features is the ability to support a wide range of databases such as MySQL, Oracle, ODBC 
and Ingres.  This feature complements the ability of PHP to extract data from a database. 
Typically PHP is used for the generation of 2D Web pages. But with its ability to produce 
files with many MIME
7
 types, the VRML format can be sent over the Internet with suitable 
PHP scripts (Zara and Chromy, 2001). PHP can also be used to generate VRML scenes from 
                                                
7 MIME is the acronym for Multipurpose Internet Mail Extensions and is a specification for formatting non-
ASCII messages so that they can be sent over the Internet (Webopedia, 2003). 
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data stored in a database. Interactivity in a VRML world can be enhanced with PHP and both 
languages are open source and cross-platform. 
6.5.2.2 AVS/Express Multiple Edition 
AVS/Express Multiple Edition is a software package developed by Advanced Visual Systems 
for visualizing multivariate datasets. The package comes with advanced texture display 
techniques that produce data visualisation with full 3D lighting, motion and 3D flow structure 
in a single view. It also caters for large datasets and GIS data import and manipulation. The 
software package is equipped with database integration at multiple levels beginning with raw 
SQL to full graphical interfaces. Output formats include AVI and compressed AVI, MPEG, 
and VRML. The package also allows cross-platform, application development.  
6.5.2.3 ArcView GIS 
ArcView GIS is software that is commercially owned, produced by ESRI. The system is used 
for various mapping and spatial analysis tasks. The main advantage of using a GIS is that map 
data and information is organised in tables that can be accessed and edited through the same 
interface as the map.  
 
In regards to visualizing 3D data, there is an extension called 3D Analyst that allows 3D data 
to be viewed while ArcView is running. Three-dimensional data in a GIS cannot be viewed 
over the Internet. The 3D Analyst extension allows the export of a 3D visualisation in VRML 
format, but each map object is grouped as one large object resulting in a long list of 
coordinates. Therefore altering characteristics of a map object (such as shape, color or adding 
interactive features) becomes a very tedious task since the objects identifying set of 
coordinates are among hundreds of other coordinates. Also, exporting a visualisation from 3D 
Analyst to VRML separates the visualisation from the tables that store any associated data and 
information. 
6.5.2.4 Open Visualization Data Explorer  
Open Visualization Data Explorer (OpenDX) is an open source application and development 
software package for visualizing data. It is based on the code and ideas found in IBM 
Visualization Data Explorer (IBM DX) (discontinued on May 18
th
 1999). The IBM software 
company discontinued IBM DX and introduced to “send a strong message to both the 
technical and business community about IBM’s commitment to open source and non-
propriety standards” (IBM, 2000). 
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The package allows the visualisation of both simulated and acquired multidimensional data.  
It comes with a complete set of standard visualisation tools including tools for cutting planes, 
vector line traces, volume rendering, and isosurface/isocontour tools. Animations can also be 
assembled in the software package. The software supports software-rendered images on 8-, 
12-, 16-, 24-, and 32-bit windows. The Graphical User Interface for OpenDX is built on X 
Windows and Motif platforms. 
 
OpenDX does not directly support database connectivity. Even so, software can be developed 
to link a database to OpenDX. This was demonstrated in 1995 when a team of scientists 
developed software that was able to extract historical wildfire data from an Oracle database 
and display it visually with IBM DX (Duce, 1995). 
 
In regards to export formats, visualisation end products made with OpenDX are best viewed in 
OpenDX. The package allows the export of MPEG files and static screen shots. Although 
MPEG files can be viewed over the WWW, individually rendered objects (such as houses) 
cannot be customised for interaction in this format. 
6.5.2.5 World Construction Set 
The World Construction Set (WCS) is a visualisation, rendering and animation software 
package for photo-realistic terrain modelling. The software was developed and used as an in-
house visualisation tool in 1992 by 3D Nature LLC who are world leaders in photo-realistic 
terrain modelling. The first public release of WCS was in 1994. 
 
WCS supports a wide range of file formats including LightWave 3D, 3D Studio MAX, Arc 
ASCII DEM, Arc USGS, SDTS DEMs, 3D Shapefiles, DXF, Bryce, NED, Terragen, BMP, 
JPEG, PNG and TIFF. The software can import 3D objects (such as trees), which can then be 
rendered. Images, including remotely sensed imagery, can be draped over terrain models in 
geographic coordinates. The software can be used on Windows, Macintosh and Unix 
platforms. 
 
For viewing over the WWW, WCS can export files as VRML, AVI and Quicktime. Because 
of the high quality, photo-realistic rendering, file sizes can be large. 
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WCS is commercially distributed. 
6.5.2.6 Summary 
The most suited development environment for the prototype is the combination of scripting 
languages VRML and PHP. Other environments that were considered are AVS/Express 
Multiple Edition, ArcView GIS, IBM Visualization Data Explorer, and World Construction 
Set. Figure 6.11 tabulates how each development environment considered matches the 
development requirements. VRML with PHP satisfied all requirements. In regards to other 
considered development environments, three out of five failed as being open-source and 
allowing interactivity with 3D map objects. 
 
The next section will take a more detailed look at the chosen development environment before 
moving onto the specific development process adopted for the three GeoVis tools. 
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REQUIREMENTS DEVELOPMENT ENVIRONMENT 
 AVS/Express 
Professional 
Edition 
ArcView 
GIS 
IBM 
Visualiztation 
Data 
Explorer 
VRML 
with 
PHP 
World 
Construction Set 
For 3D base map 
Output format in 3D a a a a a 
Output format can be 
viewed over the WWW 
a a a a a 
Map objects can be 
interactive 
a r r a a 
Aesthetically pleasing 
graphics 
a r a a a 
Minimal output file size  a a r a r 
Open-source r r a a r 
For interactivity online 
Link contents in a database 
to 3D map objects 
a r a a r 
Interact with objects in the 
3D map by clicking onto 
an object and obtain 
information 
a r r a r 
Opens-source r r a a r 
NOTE: A tick indicates that the development environment meets that particular requirement satisfactorily. A cross 
means that the development environment does not meet the requirement. 
Figure 6.11 A summary of how the five best suited development environments match the development 
requirements 
6.5.3 Prototype development environment: VRML with PHP 
VRML is a specification that is often thought of as the 3D equivalent of Hyper Text Markup 
Language (HTML), but can only be viewed through its own browser or a VRML plug-in to a 
Web browser (Webopedia, 2003). VRML was intended to be a universal interchange format 
for integrated 3D graphics and multimedia. It was designed for use on the Internet, intranets, 
and local client systems. VRML can be used in a variety of application areas such as 
engineering and scientific visualisation, multimedia presentations, entertainment and 
educational titles, Web pages, and shared virtual worlds. 
 
As its name suggest, VRML provides the user with a sense of virtual reality. Virtual reality 
experienced through a VRML world is at a simplistic level (TechTarget, 2003). It is non-
immersive (MacEachren et al., 1999) and is explored interactively at a personal computer, 
usually via a keyboard or mouse. The name also implies that VRML is a modelling language. 
This is contrary to the beliefs of initial VRML developers, Rikk Carey and Gavin Bell, who 
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believed VRML not to be a true modelling language since it does not contain the “rich 
geometric modelling primitives and mechanisms a true modelling language would contain” 
(Carey and Bell, 1997:1) 
 
The concept of VRML evolved from a project (Scenario), which was started at Silicon 
Graphics Inc., by Rikk Carey and Paul Strauss in 1989 (Carey and Bell, 1997). The purpose 
of the project was to design and build an infrastructure for interactive 3D graphics 
applications (Carey and Bell, 1997). In February 1994, Mark Pesce and Tony Parisi built an 
early prototype of a 3D browser for the WWW called Labyrinth (Pesce, 1995). Pesce and 
Parisi were invited to speak at the First International Conference on the WWW in March of 
1994. Dave Raggett was also invited to speak at this conference and it was here that Raggett 
coined the term “Virtual Reality Mark-up Language” (Ragget, 1994). 
 
By June 1994 a mailing list at www-vrml@vrml.org had been set up by Brian Behlendorf 
with nearly a thousand members. The group’s cooperative efforts produced the VRML 1.0 
specification. In 1995 the VRML Architecture Group (VAG) was formed with a goal of 
developing an interactive standard for 3D worlds. Later on that year VRML 1.1 was created, 
which came with sound capabilities, enhanced geometry nodes, environmental nodes, text 
nodes and prototyping. VRML 1.1 eventually blurred into VRML 2.0 (Hardenbergh, 1998). 
In August 1996, the official VRML 2.0 specification was released at Siggraph 96 in New 
Orleans. VRML 2.0 came with the addition of interactivity and animation. In December 1997 
VRML 2.0 was replaced by VRML97 which became an International Standard: ISO/IEC 
14772-1:1997, Part 1 (Web3D Consortium, 1999). VRML97 is very similar to VRML 2.0 but 
came with editorial improvements to the document and minor functional differences. In 2002, 
Part 2 of the VRML97 International Standard (ISO/IEC 14772-2:2002) was approved. Part 2 
integrated 3D graphics with multimedia and introduced the External Authoring Interface 
(EAI). The EAI is the interface that provides communication between a VRML world and an 
external environment. X3D provides the next advancement in 3D file formats for the Internet 
(Web3D Consortium, 2009). 
 
As mentioned in the prior section, VRML is only capable of achieving database connectivity 
when particular scripting languages are weaved into the VRML script. Languages such as 
Structured Query Language (SQL), Java and PHP are able to achieve this. SQL allows 
authors to dynamically generate a VRML scene based on embedded queries and make updates 
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through queries and commands. Similarly, Java can be used for generating a VRML scene 
from database contents, as well as sending queries to databases. Java’s relationship with 
VRML and database connectivity is strong but complex. For the purpose of this prototype 
PHP is advantageous because it is an open source scripting language that is flexible and has 
particular strength in the generation of dynamic Web pages and database connectivity. It also 
works well with text file databases. A text file database will be used, as it is sufficient for a 
small prototype. 
6.6 DEVELOPMENT OF THE PROTOTYPE 
Two main steps were involved in developing the prototype. These are: 
• Compiling and entering map data into the database; and 
• Writing all programming scripts. 
 
This section will firstly discuss the two main steps in developing the prototype as well as 
describe how the prototype was customised for the study area (Myrtleford). 
6.6.1 Step 1: Compiling and entering map data into the database 
The first step in developing the tools was to compile all the data used to construct the 3D 
map. Since it is required that the prototype be developed as a template so that it could be 
adapted to various flood prone areas, the storage of all coordinate locations, heights, colours 
and labels needed to be in a database. This way any required changes could be done 
efficiently via the database. Once the database was complete, the contents were exported as 
text files. A text format was required as PHP scripts read and manipulate text files very well. 
Scripts were written so that the required flood maps could be generated. 
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The procedure adopted for entering coordinate locations into a database involved using ESRI 
GIS software – ArcView, to digitise a street plan of Myrtleford showing property lots. Only 
part of Myrtleford was used to create the map for the prototype (Figure 6.12). A cadastral 
base map was obtained from Land Victoria for Myrtleford. The dimensions of each of the 
properties were approximate but were observed through ground-truthing. The floodwater 
extents shown on the map were based on flood maps of Average Recurrence Interval (ARI) 
design flood events produced by Sinclair Knight Merz (2000). All map objects were 
organised into categories and stored in different tables within the database. These categories 
were dictated by the land use type as well as object type. The categories used for the 
prototype are commercial, residential, public, parks, roads, crops, trees and street posts. There 
was also a separate text file that stored all the attributes for the flood extents. Placing data into 
respective categories helped maintain an organised database.   
Figure 6.12 Map of inner-Myrtleford. The green box shows the area that was included on the map used 
in the prototype. This area is a high-risk zone as it is an area with a high residential density and an area 
very likely to become inundated during a flood. 
As discussed in the prior section, PHP has the ability to generate VRML code. It is therefore 
able to generate VRML code that extrudes objects. In context of the flood map, all objects 
need to be extruded, as this command is how the object is given a height. To do this, the 
coordinates for all vertices need to be found and can be done using ArcView scripts. Two 
scripts were used to do this. The first script converted all vertices in the selected layer to a 
point theme (refer to Lead (2003) for more details). These points were stored in a new 
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shapefile
8
. The second script calculated the coordinates for the centre of the points in the new 
shapefile (refer to Hare (2003) for more details). These coordinates were placed into a table, 
then exported as a text file and transferred into a Microsoft Excel Spreadsheet. Objects for 
each category were digitised in separate shapefiles.   
6.6.2 Step 2: Writing programming scripts 
Programming scripts have been written to generate all maps, and to access all textual 
information and photos.  The file structure of the prototype is shown in Figure 6.13 and is 
explained here. The file named ‘get_bom.php’ contains script for the Flood Warning tool. All 
HTML files directly linked to get_bom.php (as shown in Figure 6.13) display the appropriate 
flood event map as decided by the river height reading extracted from the BoM Flood 
Warning Service (http://www.bom.gov.au/hydro/flood). The file named ‘main.html’ creates 
the frameset for the VRML map. PHP files directly linked to main.html contain scripts that 
control the appearance of the map. The file named ‘display_info.html’ displays all operations 
performed by the file named ‘display_info.php’. This file (display_info.php) puts the 
information accessed by the Safety Information tool into a table for viewing by the user. 
Almost all scripts were written using PHP and VRML. However in developing the Find 
Property tool, the programming language Java was used. This is because the Find Property 
tool is encased in a Java applet that is embedded into main.html. Table 6.2 summarises the 
purpose of each file. (Refer to Appendix 10 (Compact Disc) for programming scripts.) 
 
 
Figure 6.13 File structure of the scripts used in developing the prototype template. 
                                                
8
 A shapefile is a geospatial vector data format for GIS that is developed and regulated by ESRI (ESRI, 1998). 
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FILE NAME PURPOSE 
index.php Create home page for the prototype 
Includes get_bom.php using the PHP include() function 
get_bom.php The Flood Warning tool 
Opens the URL for the Bureau of Meteorology website 
(http://www.bom.gov.au/hydro/flood) 
Finds the relevant information for the Eurobin gauge on the Ovens River 
and displays the information in HTML format in index.php 
The height of the Ovens River at the Eurobin gauge is stored in a variable 
and is used to determine which ARI design flood event should be 
displayed  
flood_10.html 
flood_20.html 
flood_50.html 
flood_100.html 
flood_200.html 
flood_500.html 
The HTML frameset for the map 
Each file displays a different event map. The map that is displayed 
depends upon the river height reading extracted by the get_bom.php file 
from the BoM website. 
(Please note that since the prototype was developed for the sake of testing the 
framework, only one ARI design flood has been adapted and that is the 1 in 
100 year ARI design flood event map. Therefore, the file structure for the 
prototype is discussed in reference to only the 1 in 100 year ARI design flood 
event map) 
display_info.html Appears in the bottom frame of the flood_100.html frameset 
Provides a HTML table and table headings 
main.html Appears in the top frame of the flood_100.html frameset 
VRML map and the Java Applet are embedded in this file 
main.php Includes the file app_function.php 
Holds all the VRML code that defines the towns backdrop mountains 
Calls the PHP functions in app_function.php that generates the VRML 
which displays all the map objects 
app_function.php Contains all functions which open the text files containing the data, read 
that data into arrays and generates the VRML which displays all the map 
objects 
Contains the function that stores all the image names in an array and 
generates the VRML code which applies textures to objects. All images 
are in PNG format (Portable Network Graphic) 
Contains the function that allows user to select objects from the map and 
then makes a call to display_info.php (as part of the Safety Information 
tool) 
app_class.php Holds all the PHP classes 
display_info.php Safety Information tool: 
Generates the HTML that displays the table and table headings shown in 
the bottom frame once a user selects a property from the map using the 
Safety Information tool 
Inserts information into the HTML table that is relevant to the selected 
property 
display_info.html The page displayed in the bottom frame when the prototype is initially loaded 
before a property has been selected 
Java Applet Find Property tool 
Built to control view points outside of the VRML browser (an External 
Authoring Interface) 
Table 6.2 The purpose of each file shown in Figure 6.13. 
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6.6.3 Customising the prototype to Myrtleford 
This section describes how The Flood Warning tool, Find Information tool and Safety 
Information tool were customised to the prototype template. Figure 6.14 shows a screengrab 
of the flood warning information system as customised for the township of Myrtleford. 
 
Figure 6.14 A screengrab of the flood warning information system. The Java Applet to the right 
(coloured yellow) is the Find Property Tool. The Safety Information tool displays information in the 
table at the bottom. The Flood Warning tool generates the 2.5D VRML map of Myrtleford. 
Creating The Flood Warning tool 
The Flood Warning tool is not an interactive tool but a tool that controls which Average 
Recurrence Interval (ARI) design event map should be displayed for a particular river height 
reading. It links the BoM river height readings that are tabulated and displayed on the BoM 
Web site to a map of a particular ARI design event. The tool associates a numeric quantity 
(river height) to a visual representation. The map displayed is the visual interpretation of the 
numeric river height.  
 
The available flood data in Myrtleford includes a series of inundation maps that are based on 
hydraulic and hydrologic modelling, and historical data (Sinclair Knight Merz, 2000). These 
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maps show the spatial distribution of floodwaters for particular flood events. River height 
readings from the gauge in the town of Eurobin – approximately 16 kilometres from the 
township of Myrtleford (refer to the map in Figure 6.10 for location) – are used to help 
officials determine the expected flood extents (Table 6.3). The Eurobin gauge is situated on 
the Ovens River. The overflow of the Ovens River is the major reason for floodwaters in 
Myrtleford. A lag period of approximately 8 hours between the gauge reading and inundation 
provides the people of Myrtleford with some flood preparation time. These tools will be most 
used during the first 2 to 3 hours of the lag period. 
No. Flood Event (yrs) Inundation 
Risk (%) 
Probability Eurobin gauge 
reading (m) 
1 10  10 0.1 5.3 
2 20 5 0.05 5.9 
3 50 2 0.02 6.2 
4 100 1 0.001 6.6 
5 200 0.5 0.005 7.0 
6 500 0.2 0.002 7.5 
Table 6.3 Flood events as they relate to river height readings at the Eurobin gauge 
Each inundation map created by Sinclair Knight Merz Engineering (Sinclair Knight Merz, 
2000) was converted into a 2.5D VRML scene (Figure 6.15). The maps were converted into a 
2.5 dimension instead of 3D because the navigation controls of the VRML browser can be 
difficult to use due to the sensitivity of the controls. A 2.5D map instead of a 3D map was 
achieved by limiting the browser controls to veiwpoints only. To achieve a high quality 
(photorealistic), interactive 3D map requires a great deal of time and programming 
experience. Here the maps were simplified for the sake of testing the prototype.  
 
Figure 6.15 A close up of the VRML map of Myrtleford. 
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The Flood Warning tool was designed so that each river height recorded at the Eurobin gauge, 
and displayed on the BoM online Flood Warning Service 
(http://www.bom.gov.au/hydro/flood), is extracted (using PHP), and related to a 
corresponding flood event, consequently displayed the 3D VRML world depicting that flood 
event (Figure 6.2). For example, if a reading of 5.3 m is extracted, a small application will 
associate the reading of 5.3 m with a flood event of 10 years, hence displaying the 3D VRML 
scene showing a 10-year flood event (Figure 6.16).  
 
 
Figure 6.16 The table in the upper-right is a screengrab of river heights for a particular day for various 
rivers in Victoria as recorded on the BoM website. The river height recorded at the Eurobin gauge for 
that particular day is circled in red. 
The development of this tool initially required each of the 3D VRML scenes to be created. 
Then a function, written in PHP, was required to extract the data (the river height reading) 
from the BoM website, associate this value to the appropriate VRML scene and then display 
the scene. 
 
The VRML scenes were generated using PHP and each scene depicts the study area and the 
floodwaters for each flood event. The geographic coordinates for each object to be shown in 
the VRML world were stored in a text file database Figure 6.17. 
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Figure 6.17 Screen grab of a text file database for all commercial properties. A separate text file was 
used for different properties, roads and floodwater. 
Enough coordinates to describe the general shape of an object were required. Microsoft 
Notepad was used to assemble the database contents. Using the RGB colour chart, the colours 
of the object were also included in the database as integers. Texture file names can also be 
stored in the database and link to the actual texture files. Other data stored in the database 
under the following headings are: identification number (each object has a different 
identification number); street number; street name; street type; image; and warning (contains 
flood safety suggestions for occupants of each property). These will be referred to as object 
attributes.  
 
Object attributes for each object are stored on the same line and are separated by a ‘tab key’ 
delimiter. An ‘enter key’ delimiter separates each object. The delimiters are necessary so that 
the PHP script recognises breaks in data types. 
 
The Flood Warning tool uses the coordinates and colour data in the database. To generate the 
VRML scene using PHP, a PHP script had to be written. The script was organised so that it 
calls a function named ‘read_data’ to read the data for each object and store the data in arrays. 
To view the data as a VRML world, the VRML Shape node was embedded within the PHP 
code for object output. The Shape node controls the output of the appearance and geometry of 
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the object. PHP is used with the embedded VRML code to retrieve the data from the arrays 
(Figure 6.18).  
 
…  
Anchor { 
       description "<?php echo $description; ?>" 
       url "<?php echo "#RSL"; ?>" 
     children [ 
       Shape { 
           appearance Appearance {material Material{diffuseColor <? echo 
$color; ?>} 
                      texture ImageTexture { 
                url "<?php echo $image; ?>" 
                  } 
                 } 
     geometry Extrusion { 
     spine [ 
                <?php echo   "0 0 ".$spine. ", 0 0 0"; ?> 
                       ] 
                    crossSection [ 
                        <?php echo   $cross_section ; ?> 
                         ] 
                 } 
             }#end shape 
      ]}#end Anchor 
… 
Figure 6.18 The above code is part of the “read_data” function and shows the embedded VRML nodes 
used to output the VRML world as well as the PHP code used to retrieve the data from the arrays. The 
appearance node outputs the colour of the object. The geometry node outputs the position and dimension 
of each object 
Creating the Find Property tool 
The Find Property tool is a search tool that allows users to find properties on a map. Users are 
able to specify the property using an index or by typing a business name or street address into 
a text area (Figure 6.19). A Java applet was used to make the Find Property tool. Therefore an 
External Authoring Interface (EAI) was required so that the Java applet can communicate 
with the VRML browser. Once a property is specified, the view of the map changed so that 
the nominated property dominated the viewing space. This tool is interactive and works with 
the map displayed by the Flood Warning tool. Although VRML browsers are equipped with 
navigation controls, it was felt that the standard VRML browser controls were not user 
friendly and therefore were disabled for the prototype. 
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Figure 6.19 A Java applet has been used to create The Find Property tool. 
 
Creating the Safety Information tool 
The purpose of the Safety Information tool is to provide users with a way to access safety 
information and safety suggestions that are particular to different properties on the map. 
Access to the safety information is provided by standard map rollovers where the cursor 
changes when a user has rolled over an anchored
9
 property. Clicking on the anchored property 
will display the safety information in the lower frame of the Internet browser as shown in 
Figure 6.14. This information is accompanied by an image of the property, property 
description, property address and flood warning information.  
                                                
9 ‘Anchor’ refers to is a VRML syntax. An anchor is a VRML node. It allows users to click on shapes in a 
VRML world (Ames, 1997). 
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Figure 6.20 This information is accessed via the Safety Information tool once users click on an anchored 
property. 
To address issues of uncertainty in the data, safety messages were worded as directly as 
possible without implying definite circumstances. Categories of low, medium and high risk 
were used as well as words as ‘could’ instead of ‘will’. For example: 
‘This is a high risk flood area. Inundation in and around this property could 
exceed 0.5 metres
10
. Raise all valuable belongings and harmful solvents such as 
paint thinner or petrol. Approximate time before inundation: 3 hrs to 3.5 hrs’. 
The source of information regarding how floodwaters may affect a property has mainly come 
from a recent major Myrtleford flood study by Sinclair Knight Merz engineering company 
(2000). Local knowledge supplied by residents in and around Myrtleford has also been used. 
This information was collected by Sinclair Knight Merz (2000). (Refer to chapter 5, section 
5.3.2 for further discussion on communicating uncertainties in data). 
6.7 SUMMARY OF CHAPTER 
In summary, this chapter has provided an outline of the process involved in choosing which 
GeoVis tools to develop, finding the best suited study area for the prototype template to be 
customised to and choosing a suitable development environment.  
 
From the nine GeoVis tools theoretically designed, three were developed as part of the 
prototype. This includes the Flood Warning tool, the Safety Information tool and the Find 
Property tool. The tools were developed using VRML with PHP. A Java applet was used to 
develop the Find Property tool. 
 
                                                
10 
The water height values used for the safety messages accessed by the Safety tool have been referenced to the 
Australian Height Datum. The values come from the Myrtleford Flood Study (Sinclair Knight Merz, 2000). 
Sinclair Knight Merz used hydraulic modelling, hydrologic modelling and historical data to get the water 
heights. 
Geographic visualisation tools for communicating flood risks to the public 
 169 
The prototype was been customised for the township of Myrtleford in northeast Victoria. 
Members of the community within and around Myrtleford tested the prototype. The test 
process involved 11 phases. The next chapter outlines test logistics and processes and 
describes each of the 11 test phases. 
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CHAPTER 7 TEST LOGISTICS AND PROCEDURE 
 
 
7.1 INTRODUCTION 
The last chapter provided a detailed description of the prototype design and development 
process adopted.  This chapter describes the test logistics and procedures used for testing the 
prototype on the study area.  
 
Several aspects of the prototype were examined in this usability test. This includes abstraction 
and orientation, memorability, learnability, usefulness, ‘Geographical Dirtiness’, the use of 
2.5 dimensions (2.5D) and satisfaction. Comparisons between the prototype and currently 
used dissemination modes were also made. There are 11 phases to the test process in total. 
Each of these will be described in this chapter. Results will be discussed in the next chapter. 
Please note that the testing of the prototype was carried out in 2005. Therefore there are 
statistics in this chapter that are not current to 2009 because they reflect the time during the 
testing of the prototype. 
 
Before describing each of the test phases, other aspects of the test logistics will be outlined 
such as the test population, technical equipment used, where the tests were held and how the 
data has been collected and recorded. 
 
The chapter will begin by outlining the test aims and objectives. 
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7.2 TEST AIMS AND OBJECTIVES 
The overall aims of this test were to obtain results pertaining to the evaluation of the 
prototype and therefore examine the potential the proposed framework has to improve flood 
risk communication to the public.  
 
The test was designed to investigate the usability of the prototype as well as assess the 
effectiveness of using a graphic format to communicate flood warning information when 
compared to text (fax) and radio broadcast media. In doing so, the test was split into eleven 
phases. These are listed in Table 7.1. A detailed discussion on each phase will follow later in 
this chapter.  
PHASE SUBJECT / TOPIC 
1.  Introduction 
2.  Abstraction and orientation 
3.  Demonstration 
4.  Comparison of communication formats 
5.  Memorability 
6.  Learnability 
7.  Usefulness 
8.  ‘Geographical Dirtiness’ 
9.  2D verses 2.5D 
10.  Measurement of agreement and satisfaction 
11.  Debriefing 
Table 7.1 Test phases 
7.3 TEST POPULATION 
The test population were members of the public who are familiar with the township of 
Myrtleford (preferably those who held a residential status within the Myrtleford community) 
and had at least a basic level of experience with computers. It was important that test 
candidates have some experience with computers because it was expected that real-life users 
who use the system would be those who are familiar with computers and basically ‘like’ 
computer use. According to the 2001 Census data (Australian Bureau of Statistics, 2001), 
around 46% of residents within the Alpine Shire use computers. This percentage was not high 
enough to select random members of the public, especially since a strong trait of usability 
testing is to use candidates who are as representative as possible of the intended users 
(Nielsen, 1993:175, 165).  
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In February of 2005 – a month prior to the testing period – two days were spent in Myrtleford 
seeking volunteers to test the prototype. The objective during this time was to find at least 40 
people (a maximum of 50) to agree to participate. Those willing were asked to provide a form 
of contact so that they could be reached nearer to the testing period and so that a time could be 
scheduled for their session. Although the objective was to find at least 40 people, 35 people 
agreed to participate with only 28 people actually participating and completing the test. This 
was not an issue as it was found that test responses became repetitive after the 24
th
 participant.  
 
The sample size of 28 is taken from a population of 3500. Statistically, this yields a 
confidence interval of around ± 18% for a confidence level of 95% (Creative Research 
Systems, 2003; Nielsen, 1993:168) (Figure 7.1). This means that there is a 95% chance that 
the same results would be obtained within the examined population. A 95% confidence level 
was chosen as it is often used for research studies (Nielsen, 1993:167). Since this research 
deals with a heterogenous sample where there are variations in age, gender, level of 
computing experience and map reading experience, the confidence interval could vary 
depending on the sample population (Dillon and Watson, 1996). Because of this, the test was 
designed to include usability testing as well as interviews with questionnaires to record 
ratings. Using a combination of these two methods allowed usability problems to be 
identified, but also provided a means of gaining suggestions and opinions from participants.  
 
 
Figure 7.1 Confidence intervals for usability testing from 1 to 25 users (Nielson, 1993:168). The 
shaded region shows the extended plot following the gradient of each line to show the width of 
the confidence interval for twenty-eight test participants. The shaded area is not a part of the 
original graph in Nielson (1993:168). 
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Initially, only five participants were going to be included in the sample size based on studies 
by Nielsen (2000) Virzi (1990) and Lewis (1994). The notion has been disputed by the likes 
of Spool and Schroeder (2001) and (Woolrych and Cockton, 2001) who feel that five is 
nowhere near a high enough number of participants needed to identify a range of usability 
issues and problems. Woolrych and Cockton (2001) however do indicate that using five 
participants is effective for simple problem counts. It was decided against using only five 
participants because the overall test (as will be described in section 7.6) is detailed and a 
larger number of participants were required to ensure that results reflect a range of issues and 
that they are statistically viable. 
 
The process of gathering participants involved approaching people in the street, businesses, 
community organisations and door knocking. An advertisement for participants was placed in 
the local newspaper (Myrtleford Times) and brochures were handed to those agreeing to 
participate (Appendix 4), as well as to any one interested in the study. Several copies were 
also placed on shop counters and with social community groups. Door knocking was found to 
be the most effective means of gathering test volunteers, with around 14 people agreeing to 
participate. All who agreed to participate were told they would be contacted in around three 
weeks (one week prior to the testing period) to arrange a time for their evaluation session. 
This did not prove to be convenient for most, as they were unsure of their time availability 
(approximately 1 hour of time from each participants was required). Most people preferred to 
be contacted one or two days before the test was to commence.  
 
In regards to the gender make up of participants, nine were female and 19 were male. The 
range of ages is shown in Figure 7.2. Most participants came from the 51+ and 41-50 age 
groups as they showed a greater interest in this research
11
. To begin with it was a challenge to 
find willing participants who were under the age of 20. It was important that people in this 
age group participated in the test also so that a comparison could be made against any 
generational variances. With the corporation of Myrtleford Secondary College, the School 
principal (Trevor Matthews) arranged for seven students to participate (refer to Appendix 5 
for correspondence).  
                                                
11 Research by Fischhoff et al.(2002) also found older age groups to be more motivated in participating and 
differ more in what they think opposed to how they think. Fischhoff et al. (2002) feel that this is because of the 
greater life experience of older age groups. 
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Out of the 28 participants, 3 were employed in the area of emergency management. 
Emergency management personnel were invited to participate for the following reasons:  
• Their experience in communicating warning messages to the public can provide 
valuable contribution towards determining how realistic the implementation of such 
a system could be; and 
• To bring the notion of the framework and a working prototype to the attention of 
various emergency management bodies.  
 
As gratitude for their time, participants were given an A1 poster of an aerial photograph of 
Melbourne and a report on the findings of this research. 
 
Figure 7.2 The distribution of participants’ ages as a percentage. 
7.4 TECHNICAL EQUIPMENT USED 
Although the prototype has been developed for use over the Internet, for the sake of mobility, 
the tests were conducted as a stand-alone application. To meet the objectives of this test, an 
Internet connection was not required. However since the prototype has been developed to run 
in an Internet browser, participants viewed the prototype through a browser to simulate using 
the system via the Internet. 
 
For the sake of mobility, a Toshiba Tecra laptop was used to test the prototype. The 
specifications for this laptop are: 
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• 1500MHz processor; 
• 496 MB of RAM;  
• 1024 x 768 screen pixel resolution; 
• 32 bit screen colour quality; and 
• Microsoft Windows XP Professional operating system. 
 
The browser used was Microsoft Internet Explorer Version 6.0. Other software required to 
run the prototype includes the VRML browser plug-in Cortona from ParallelGraphics and 
server simulator ApacheFriends XAMPP version 1.4.5 for Windows. The server simulator was 
required as PHP is a server side scripting language.  
 
Altec Lansing Computer Speakers for multimedia used to play the simulated radio broadcast 
of a flood warning to participants. A medium sized optical Microsoft IntelliMouse mouse was 
used by participant to interact with the prototype. The test conductor used a different mouse 
that enabled full control of the computer if necessary.  
 
A video camera was initially considered to record the participant’s mouse movements around 
the prototype’s interface. Since the prototype hyper-linking network is relatively small, it was 
decided that a well-designed evaluation form would be just as effective as video recordings as 
they are less time consuming to sort through than 30 plus hours of video footage. A tape 
recorder was also considered to record comments made by participants. As was the case with 
the video camera, a well-designed evaluation form negated the need for this piece of 
equipment.   
7.5 LOCATION OF TEST 
To minimise the travel distance for test participants, all tests were held in Myrtleford. With 
the help of Debbie Goonan, a librarian at the Myrtleford Town Library, space was scheduled 
at the Myrtleford Council Chambers for the majority of tests. Other times when the 
Myrtleford Council Chambers were unavailable, Debbie Goonan kindly agreed to provide 
space in the library. Participants who were unable to make it to the official test location due to 
work commitments arranged for the test to be conducted at their place of employment at a 
certain time of convenience. 
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For risk experts who participated in the test but resided in Melbourne, the test was conducted 
in Melbourne at a location of their choice. Participants were offered space at the School of 
Mathematical and Geospatial Sciences at RMIT University but, for the sake of convenience, 
all participants elected to complete the test at their work place. 
7.6 DATA COLLECTION AND RECORDING 
All test data has been recorded by means of questionnaires and evaluation form. Most 
questionnaires were self-administered and participants were allowed to ask questions to 
clarify any queries. Data recorded by the evaluation form was collected by asking 
participants: to interact with the prototype; provide an opinion; or to complete a task. Some 
participants preferred to discuss the prototype. In this case comments were recorded by noting 
opinions made by the participant. Table 7.2 summarised the method used for recording data 
for all phases included in the test. The table is followed by a description of each form used to 
collect and record data and justification for its use. 
 
Method of recording data Phase number and topic Appendix 
Background questionnaire 1. Introduction 8 
Evaluation form 2. Abstraction and orientation 9 
Not applicable (N/A) 3. Demonstration N/A 
Evaluation form / 
Questionnaire 
4. Comparison of communication formats 9 & 12 
Evaluation form 5. Memorability 9 
Evaluation form 6. Learnability 9 
Evaluation form 7. Usefulness 9 
Evaluation form 8. Geographic Dirtiness 9 
Evaluation form 9. 2D verses 2.5D 9 
 Measurement of satisfaction 
questionnaire 
10. Measurement of agreement and satisfaction 13 
Evaluation form 11. Debriefing 9 
Table 7.2 Method used for recording data and where it can be found in the appendices 
 
The ‘Background questionnaire’ (Appendix 8) was designed to collect general information on 
each participant such as age and gender as well as experience with previous floods, maps and 
computers. Closed-ended questions were used in the questionnaire with several questions 
requiring a rating along a differential semantic scale (a differential semantic scale will be 
explained later in this section). The advantage of using closed-ended questions to gather 
general background information is that categories such as age or gender groups can be used to 
identify any correlations in the data. 
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The method used to collect data for majority of the test phases was one-on-one interview 
sessions (also referred to as cognitive interviews). During the interview sessions, participants 
were asked both closed-ended and open-ended questions. When asked closed-ended 
questions, participants were provided with a short list of options from which they could 
choose one or many answers. Each open-ended question was designed to invite comments or 
opinions with no expectations of the result.  
 
While participants were using the prototype they were asked to ‘think aloud’ which aimed to 
determine what participants were thinking while using the system. The instructions given to 
participants were based on those scripted by Czaja and Blair (2005) and follow the form of: 
“While we move through this phase of the test I am going to ask you several 
questions in relation to the prototype which I’d like you to answer. In order to do 
this, I am going to ask you to ‘think aloud’. What I mean by ‘think aloud’ is that 
everything you are thinking from the time you first hear the question until you give 
an answer. I don’t want you to plan out what you are saying. You are welcome to 
ask questions” 
This method worked for most participants. For those who were not comfortable in thinking 
out loud, probes were used to prompt a response. Probes are questions that ask respondents 
about particular aspects of a question (Conrad and Blair, 2003). Both scripted and non-
scripted probes were used but mainly scripted probes as research by Conrad and Blair (2005) 
indicated that scripted probes are more effective for interviewers who are relatively 
inexperienced.  
 
The ‘Measurement of satisfaction’ questionnaire (Appendix 13) was used to determine each 
participant’s level of satisfaction with certain aspects of the prototype, radio warnings and fax 
warnings. The questionnaire presented participants with a series of closed-ended questions 
that required a rating to be given according to the participant’s level of agreement or 
disagreement. The advantage of closed-ended questions during a lengthy test is that less time 
is required from the participant when asked to circle or tick a range of options. The 
disadvantage of closed-ended questions is that they could reflect the researchers expectations 
if the questions are not well chosen. For this reason, comments were welcomed from 
participants once the closed-ended questions were answered. A semantic differential scale 
was used to record the level of agreement where participants were given seven options, these 
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being - ‘Strongly Agree’, ‘Agree’, ‘Partly Agree’, ‘Uncertain’, ‘Partly Disagree’, ‘Disagree’ 
and ‘Strongly Disagree’. The scale provided seven options to avoid any bias in the results 
(Alston and Bowles, 2003; Salant and Dillman, 1994). Semantic differential was an outcome 
of research conducted in the 1950s by Charles E. Osgood (RMIT Human Research Ethics 
Committee, 2002) (for a report on the original works refer to Osgood et al. (1957)). Osgood’s 
research suggested that we use bipolar adjective pairs to organise our thinking about the 
world. Basically, this requires respondents to choose where their position stands on a 
semantic differential scale between two bipolar words, or a range of words or numbers 
ranging across a bipolar position. This is often a useful and efficient means of data collection 
when using a questionnaire.  
7.7 CONDUCTING THE TEST  
The test consisted of eleven phases. During each phase, participants were allowed to ask 
questions and were encouraged to criticize and comment on any aspect of the prototype. 
Verbal responses and physical interactions with the system were recorded on carefully 
planned evaluation forms. All tests were conducted over a period of two weeks. In this section 
each of the phases will be described in the order presented during testing starting with the 
Introduction.  
 
The techniques used in this usability test included observation, questionnaires and interviews. 
Originally, each phase was structured to a particular technique but it was found that some 
participants preferred discussion to structured questions and vice-versa. Therefore, the 
techniques used for each phase were suited to the participant’s character. All participants were 
encouraged to critique any aspect of the test and to ask questions.  
7.7.1 Phase 1: Introduction 
On arrival at the test location, participants were made to feel welcome by being offered hot 
beverages and biscuits and were asked to read the Plain Language Statement (Appendix 6). 
Before reading the Plain Language Statement, participants were informed that this research 
has been classed as “Risk Level 1 Risk by the RMIT Human Research Ethics Committee 
(HREC)” (refer Appendix 7 for confirmation of ethics approval from RMIT HREC). Risk 
Level 1 is defined by the RMIT HREC as: “non-invasive projects where there is no apparent 
risk to participants above the everyday norm and where they are not identified (Avery, 
2003)”. Participants were also informed that their participation in this project was entirely 
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voluntary and that they could withdraw or discontinue their participation at any time and, 
where it was possible, withdraw any unprocessed data previously supplied.  
 
The main purpose of Phase 1 was to collect demographic data on the sample population. 
General and background information regarding age, gender, map experience, experience in 
flooding and with Internet use were collected through a self-administered questionnaire 
(Appendix 8). This information provided the basis for categorical analysis. During Phase 1 
participants were also briefed on the nature of this research and each of the phases. 
 
Once the general and background information questionnaire was completed, participants were 
seated in front of the computer and were asked if they could see the computer screen 
comfortably (lack of comfort can be attributed to sitting height and reflecting sun light). If 
not, appropriate adjustments were made. Figure 7.3 shows the layout of the test area. The test 
conductor was seated behind and to the side of the participant so that the computer screen 
could be viewed without intruding too much on the participant’s personal space.  
 
 
Figure 7.3 Seating and equipment layout of test area. 
A second viewing monitor for the test conductor was considered and tried (Figure 7.4). This 
was considered to avoid participants becoming distracted by the conductor observing close 
by. It was decided not to use the second monitor, as recording and observing both the second 
monitor and the participant is difficult to do since the position of the monitor needs to face 
away from the participant. Observations of the participant’s physical reaction as well as the 
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way they interact with the prototype was required and the most effective way to achieve this 
was to position the seating as shown in Figure 7.3.  
 
Figure 7.4 Seating and equipment layout of test area showing the location of a second monitor. 
7.7.2 Phase 2: Abstraction and orientation 
Phase 2 focused on the level of map abstraction and how well participants orientated 
themselves within the map. During this phase, participants were asked questions relating to 
certain map objects and what they represented in reality. They were also asked what they 
thought of the map aesthetics and layout. In order to determine whether participants could 
orientate themselves within the map, participants were asked to use the mouse to indicate the 
direction of near by towns. They were also asked to indicate the location of either the IGA 
(Independent Grocers Alliance) Supermarket or the General Post Office. The IGA 
Supermarket was a chosen landmark as it is the largest provider of domestic provisions in 
Myrtleford. Therefore, it was expected that most people would have visited the supermarket at 
least once. Similarly, the General Post Office was a chosen landmark as it is expected that 
most residents would use the Post Office at some point or another. Participants were given the 
choice of locating either one of these landmarks, in case they were not familiar with one of 
the landmarks. If they were unfamiliar with the location both these landmarks, they were 
asked to find another landmark that was known to be on the map. Asking participants to 
indicate the location of a landmark reflected how well the map was designed so that users 
could orientate themselves properly. An evaluation form was used to collect responses and 
record observations for this phase (Appendix 9).  
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7.7.3 Phase 3: Demonstration 
During this phase, participants were given the opportunity to use the system. The prototype 
was demonstrated to participants early in the testing process as a way of minimising an 
assumed bias towards flood warning dissemination modes that were currently in use and that 
people were familiar with. Although precautions were taken, this bias was not of great 
concern as the method of accessing information by interacting with computer based systems 
via a computer screen and mouse is a common procedure for computer users. Even so, a 
demonstration was necessary in order to introduce people to the prototype before testing – 
since it is a new method of obtaining warnings. 
7.7.4 Phase 4: Comparison of communication formats 
The next phase exposed participants to both a simulated radio and fax flood warning. To 
begin with, participants were asked to listen to a simulated radio broadcast of a flood warning. 
The simulation (a .wav file) was played through computer speakers and lasted for around one 
and a half minutes in length (Appendix 10). Once the simulated broadcast ended, participants 
were asked questions regarding the message content and how they should respond to the 
message (Appendix 9). Participants were also asked to identify which category the flood fits 
into (minor, moderate or major) and to explain what the identified category means. They were 
then asked if any additional information should be included in the message or whether it 
could be improved and if they thought radio was a good way to obtain flood forecasts and 
warnings. Jonathan Wright, Regional Program Manager from ABC Goulburn Murray, kindly 
prepared the flood warning radio simulation. 
 
Phase 4 also required participants to read a simulated flood warning designed for 
dissemination by fax (Appendix 11). Participants were given the information on paper and 
were first asked into which category to place the expected flood. Next they were asked what 
the information meant and if they knew whether their property would be safe from inundation. 
They were also asked to explain how they would respond to this information, if any additional 
information should be included in the message, could the information be improved, and 
whether they thought the use of fax was a good way to obtain flood forecasts and warnings. 
Before participants were handed the fax warning, they were asked if they owned a fax 
machine and if they were aware of the Council’s Flood Fax Stream System. This question was 
asked to determine how many participants use fax machines. The flood warning fax 
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simulation was kindly provided by Alan Baker – Manager of the Hydrology and Flood 
Warning Services at the Bureau of Meteorology, Victoria.  
 
Phase 4 was concluded with a mini self-administered questionnaire (Appendix 12).  
7.7.5 Phase 5: Memorability 
Nielsen (1993) defines memorability as: “the user’s ability to use the system without having 
to relearn everything after some period of not using the system” (Nielsen, 1993:47). 
Memorability has been included in the test procedure because of the intermittent nature of 
floods. It is not uncommon for years to pass by before another major or even moderate flood 
occurs in areas regularly inundated. For this reason, it is important that a self-informing 
system is designed to be intuitive.  
 
In order to test the memorability of the prototype, participants were asked to use the prototype 
after a period of not using the system. Observations regarding the participant’s ability to 
remember how to use the GeoVis tools were recorded. If participants were having difficulty in 
using the GeoVis tools, they were encouraged to ‘think out loud’. To further test 
memorability, participants were again asked questions from Phase 2 such as “what does the 
colour blue represent on the map?” and “using the mouse can you indicate which way it is to 
Bright?”. 
7.7.6 Phase 6: Learnability 
Phase 6 focused on the learnability of the system. Learnability, as defined by Nielsen 
(Cartwright et al., 2005a), refers to how easy it is to learn a system so that users can rapidly 
start using the system. Learnability was measured by asking participants to use the prototype 
and find the specified property and the safety information for that property. The method used 
to find the property and safety information was observation. The time taken to find the 
property was also recorded. Participants were asked to repeat the process four to five times 
using a different property each time. The learnability of the system was measured by changes 
in the time taken to find the property and safety information for each subsequent property. If 
the time decreased for each property, then the learnability of the system for that participant 
was deemed to be high. If the time increased, then the learnability of the system for that 
participant was deemed to be low.  
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Phase 6 gave participants ample usage time to familiarise themselves with the prototype and 
comprehend the objectives of the system. This led into Phase 7: Usefulness. 
7.7.7 Phase 7: Usefulness 
Phase 7 concentrated on how useful participants would find the system. Lindgaard (1994:20) 
defines usefulness as “the extent to which a system  covers adequately the range of tasks it is 
intended to support”. Responses were obtained by asking the participant if they would use the 
system, if they felt comfortable with using a computer to access a system like the prototype 
and whether they would trust such a system that is access over the Internet and automated. 
7.7.8 Phase 8: ‘Geographical Dirtiness’ 
Geographical Dirtiness is the term coined by Cartwright et al. (2005a) to describe the visual 
complexity and detail included in a virtual city. In this phase, the Geographical Dirtiness was 
assessed by comparing the 2.5D
12
 map used thus far in the testing procedure to several other 
2.5D maps of varying levels of detail. The aim here was to determine the preferred level of 
Geographic Dirtiness for timely map orientation and map comprehension.  
 
Participants were asked to comment on each of the maps and indicate which map they prefer 
and why. Six levels of Geographical Dirtiness were tested with Level 1 being the simplest 
VRML world and Level 6 the most complex (these levels were used in the Cartwright et al. 
(2005a) experiment). Figure 7.5 to Figure 7.10 demonstrates the different levels of detail that 
could be applied to the map. A backdrop image is consistent throughout all levels. This 
decision is based on a study by Cartwright et al. (2002) where an evaluation completed by 
community and professional groups showed a preference for the inclusion of a sky image. The 
data was collected using a questionnaire (Appendix 12) that was not self-administered. The 
test conductor, who also recorded the responses, asked participants verbal questions regarding 
geographic dirtiness. 
                                                
12 Although the framework discussed in chapter 5 suggests the use of 3D maps, 2.5D maps have been used for 
the prototype instead – as stated in chapter 6, section 6.6.3. This is because the navigation controls of the VRML 
browser can be difficult to use due to the sensitivity of the controls.  
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7.7.9 Phase 9: 2D verses 2.5D 
Phase 9 exposed participants to a second version of the prototype where the map was 2D and 
not 2.5D. A second version was developed in order to determine whether there was any 
preference between the 2D and the 2.5D map. To begin Phase 9, participants were given a 
brief demonstration of the 2D version of the prototype. The point of this demonstration was to 
show participants that the Find Property tool and the Safety Information tool on the 2D 
version functioned in the same way as they did on the 2.5D version of the prototype. The only 
difference between the Find Property and Safety Information tool on each version was that the 
2D version does not have as many properties listed in its database. This was because the 2D 
version was created so that it could be visually compared to the 2.5D version and therefore it 
was not necessary for the database of properties to have the same number of entries as the 
2.5D version. Refer to Appendix 10 (Compact Disc) to view the 2D version of the prototype. 
  
 
Figure 7.5 Geographical Dirtiness – level 1. Depicted on the map are all the buildings (shaded the 
same colour and opaque), the road networks (no street names) and the mountain backdrop image.  
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Figure 7.6 Geographical Dirtiness – level 2. Same as level 1 but street names are added. 
 
Figure 7.7 Geographical Dirtiness – level 3. Same as level 2 but property labels have been added  
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Figure 7.8 Geographical Dirtiness – level 4. Same as level 3 with the addition of photographic images 
of buildings being attached to map objects representing the photographed buildings. 
 
Figure 7.9. Geographical Dirtiness – level 5. Same as level 4 excluding the colour of buildings as here 
they vary according to what the land is used for. Level 5 was the level used throughout all other phases 
of the test procedure. 
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Figure 7.10 Geographical Dirtiness – level 6. Same as level 5 but floodwaters have been changed from 
transparent to opaque to emphasise the extent of the floodwater. 
7.7.10 Phase 10: Measurement of agreement and satisfaction 
In order to collect quantitative data regarding the overall satisfaction for each participant, a 
questionnaire was used with a rating scale. A semantic differential scale was used to measure 
each participant’s level of agreement or disagreement with each statement. The rating scale 
offered seven options (refer to Appendix 13 to see these options). 
7.7.11 Phase 11: Debriefing 
As a formal conclusion to the testing procedure, a debriefing session was initiated once each 
participant had completed the questionnaire. Here participants were given the opportunity to 
comment on any aspect of the prototype and the project in general.  
7.8 TRIAL RUN 
A trial run of the testing procedure was conducted with three colleagues. The trial run was 
conducted in the same way as actual tests, but those involved were able to interrupt the formal 
procedure with comments regarding the methods adopted, the flow of the process, and the 
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overall technique used. Those involved where also invited to comment on any aspect of the 
prototype, the simulated fax, and the simulated radio broadcast.   
 
The outcomes of the trial run were positive with only a few minor changes made to the 
Background Questionnaire regarding the terminology used for the rating scale.  
7.9 SUMMARY OF CHAPTER 
This chapter outlined the logistics and test method adopted for testing the prototype and 
comparing the prototype to current modes of dissemination. Twenty-eight Myrtleford 
residents who had some experience with computers offered their time to participate in the 
evaluation. Participants ranged in age and gender, with the majority of participants being male 
and in the age group of 51 plus. Questionnaires and an evaluation form were used to collect 
and record the data. Interviews, observation and the ‘think out loud’ method were also used to 
collect data.  
 
The next chapter will present the results of the testing and evaluation described here, as well 
as a comprehensive analysis of results. 
Geographic visualisation tools for communicating flood risks to the public 
 189 
CHAPTER 8 RESULTS AND ANALYSIS 
 
 
8.1 INTRODUCTION 
This chapter presents the results of the tests described in the last chapter, as well as an 
analysis of both the qualitative and quantitative data that was collected using questionnaires 
and interviews. Basic statistics (percentages visually represented as pie and bar graphs) have 
been used to evaluate quantitative data and, where necessary, graphs are used to present the 
findings. Participant opinions, comments and suggestions that were recorded are also stated 
here. Please note that throughout this chapter references are made to individual participants 
who are identified by a number in brackets. At times there may be more than one number 
within brackets meaning more than one participant shared the same outlook.  
 
The chapter begins with an overview of the sample demographics. This is followed by the 
results obtained during the evaluation of the prototype. Various aspects of the prototype were 
evaluated, including the level of abstraction, orientation, general design, message design, the 
Geographic Visualization (GeoVis) tools, 2D verses 2.5D, and the appropriate level of 
‘Geographic Dirtiness’. Results concerning the evaluation of radio and fax warning modes are 
also examined, as well as the participants’ confidence with using computers and the Internet 
to access flood warnings.  
 
The results presented here have provided insight into the most effective means of 
communicating flood warning information to the public as well as the type of information that 
should be included in a warning and the best way to present it. 
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Please note that all results are reflective of the situation of participants during the time testing 
was undertaken in 2005.  
8.2 SAMPLE DEMOGRAPHICS 
As mentioned in the previous chapter, 28 people participated in the test procedure. Ten of the 
participants were female and 19 male. Their ages ranged from 15 and under to 51 plus.  
 
Phase 1 of the test procedure (refer to chapter 7 for details on each test phase), required 
participants to complete a questionnaire. The questionnaire was used to collect general and 
background information on individual participants’ flood experience, knowledge of floods, as 
well as their level of confidence when dealing with maps, computers and the Internet (the 
General and Background questionnaire can be found in Appendix 8). The statistics for the 
information collected on each of these areas is discussed in the following paragraphs.  
 
To gauge each participants’ flood experience and knowledge, the following questions were 
asked: 
• Is Myrtleford a flood prone town?; and 
• Have you ever been affected by a flood? If you answered yes, were you confused as 
to what you should do to minimize damages and maximize your safety before and 
during inundation? 
All participants were aware that Myrtleford was a flood prone town with 61% having being 
directly affected by flooding. When participants were asked if they knew what actions should 
be taken to minimise damages and maximise safety before and during inundation, half of the 
participants answered “yes”, 14% were “unsure” and the remaining participants did not 
answer the question.  
 
Most participants indicated a high (46% of participants) to medium (43% of participants) 
confidence in map use (Figure 8.1). Less than half of the participants use online, interactive 
maps (Figure 8.2).  
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Figure 8.1 The overall self-rating of 
confidence in map use. 
 
Figure 8.2 The usage frequency of online, 
interactive maps. 
 
Computer skills were generally rated well with 43% of participants placing themselves in a 
category of “above average” and 36% rating their computer skills as “reasonable” (Figure 
8.3). 
Figure 8.3 How participants rated their computer skills. 
Most participants used the Internet twice a week (Figure 8.4). The access point for the Internet 
for most participants is from their home (Figure 8.5). 
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Figure 8.4 How often participants use the 
Internet. 
 
Figure 8.5 Where participants use the Internet. 
 
To summarise, self-rated confidence in map use was high but very few participants use 
online, interactive maps. However, computer skills were generally rated above average so 
although the majority of participants are not experienced users of online, interactive maps, 
most participants had above average computer skills and therefore felt comfortable using a 
computer. 
 
The use of the Internet was common among participants with half of participants having an 
Internet connection at home. The next most common usage point was at work or school. 
 
The sample population meet the criteria set in Chapter 7, section 7.3: 
‘The test population are to be members of the public familiar with the township of 
Myrtleford (preferably those who hold a residential status within the Myrtleford 
community) and have at least a basic level of experience with computers’. 
8.3 EVALUATING THE PROTOTYPE 
The evaluation of the prototype flood warning system focused on the design of the system as 
well as learnability and usefulness. The design aspects assessed included the level of 
abstraction, how well participants were able to orientate themselves within a map, the general 
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design of the 2.5D representation, the message design, the GeoVis tools and interactivity, how 
effective the 2.5D representation was compared to a 2D representation in communicating 
flood warnings and safety information, and the appropriate level of Geographical Dirtiness. 
Before discussing each of these here, a general overview of how participants reacted to the 
prototype is provided. 
 
The ‘Measurement of Satisfaction’ questionnaire provided participants with a list of questions 
that asked participants to rate their level of agreement or disagreement on a differential 
semantic scale from 1 to 7 (refer to Appendix 13 for ‘Measurement of Satisfaction’ 
questionnaire). The questions covered areas of usability and usefulness, and asked for 
comments of preference regarding the communication modes tested – the prototype, radio or 
fax. Using the “Measurement of Satisfaction” questionnaire it was found that the majority of 
participants responded positively towards the prototype. When asked if they would use the 
prototype in a true to life situation, 82% “strongly agreed” or “agreed” (Figure 8.6). 
Participants who disagreed at some level (i.e gave a rating of 4 or less on the Differential 
Semantic scale) indicated that they would encourage others to use the prototype. Reasons 
given by those who would not use the prototype include: 
• That their daily activities do not revolve around a computer and therefore they 
would not use a computer to access the prototype; 
• Contentment with current modes of dissemination; 
• A preference for local knowledge that is communicated verbally. 
 
When asked if they would encourage others to use the prototype, the majority of participants 
(57%) ‘strongly agreed’. 
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Figure 8.6 The response from participants when asked if they would use the prototype in a true to life 
situation. 
Additional comments regarding the prototype were generally positive, however they varied in 
opinion ranging from: 
“The prototype is a big step in the right direction for the coming of future floods 
in our area. Many people will embrace this new way of receiving relevant 
information” (Participant 28); to 
“Country people are more ‘do your own types’ – wouldn’t work here. Might work 
in East Ringwood, but not here…would see the value in this for those who can’t 
handle a situation and look for answers in the book…rural oriented people make 
up their own mind…Idea is feasible but not applicable to all people” (Participant 
23). 
When asked whether the use of maps for communicating flood warnings and safety 
information is a waste of time, most participants disagreed to some extent (Figure 8.7). Those 
who did not disagree were uncertain of their opinion. No participant agreed with this 
statement.  
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Figure 8.7 Participants’ opinions when asked if the use of maps for communicating flood warnings and 
safety information is a waste of time. 
The value of the prototype was recognised as not only a tool for public use but also for 
specific areas such as emergency management (by participant 24) and real estate purposes (by 
participants 26 and 27).  
 
The remainder of this section discusses the results of the prototype areas evaluated – design, 
learnability and usefulness. 
8.3.1 Level of abstraction 
Most participants were able to recognise that the map displayed on screen was a map of 
Myrtleford. Eleven per cent of the study sample was not able to correctly identify what the 
map depicted. Four per cent did identify the town the second time around. Participant number 
3 failed to recognise the town and felt that landmarks should be more obvious. Participant 
number 3 also felt that the level of abstraction was too great stating: “the map could just as 
well have been the floor plan to a Ford warehouse factory”. This participant also incorrectly 
identified the floodwaters as being ‘vacant land’. Another five participants also incorrectly 
identified the floodwaters as land. The more time participants had to study what was 
presented to them on screen, the more they noticed such as the map legend that was used to 
clarify the identity of map objects. 
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8.3.2 Orientation 
Most participants were able to orientate themselves in the map with 86% recognising that the 
map represented Myrtleford. Those who had difficulty with orientation and being able to 
recognise what was depicted on screen provided reasons that mainly related to the map 
perspective used not matching the map perspective participants were most used to seeing of 
the town. Participants 3, 8, 26 and 27 pointed out that the usual orientation used on maps of 
the town, required the map to run along the Ovens highway (Figure 8.8). Figure 8.9 shows the 
orientation used for the prototype map. For the 2.5D map to be orientated in the same 
direction as the 2D tourist map in Figure 8.8 it would appear as that shown in Figure 8.10. 
Participant 8 suggested that the user be the one who sets the perspective to suit the 
individual’s spatial understanding. 
 
Another difference between the 2.5D map and the map in Figure 8.8 is that the 2.5D map 
shows only a portion of Myrtleford. Many participants found this confusing and found it 
difficult to correctly indicate the direction of neighbouring towns. The green box in Figure 8.8 
shows the area of Myrtleford depicted on the 2.5D map. The reason why only part of the town 
was shown in the prototype design was because there was not enough time allocated for this 
research to create the whole town and since the prototype was developed for the purpose of 
testing a concept it was felt that developing only part of the town was sufficient for a proof of 
concept prototype.  
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Figure 8.8 A tourist map of 
Myrtleford showing the 
preferred perspective 
identified by several 
participants. The blue line 
highlights the Ovens Highway. 
The bounds of the town 
represented on the 2.5D map 
used with the prototype are 
shown in green. 
 
Figure 8.9 The perspective 
used for the prototype map is 
oriented south to north. 
 
Figure 8.10 The map used for 
the prototype if oriented in the 
same direction as the tourist 
map in Figure 8.8. 
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Six participants (3, 16, 17, 21, 26, 27) preferred that the outline of the surrounding rivers and 
creeks be shown on the map. The reason given for this is so that users can use the rivers to 
orientate themselves within the town as the rivers and creeks in and surrounding Myrtleford 
are important natural landmarks. Participant 17 suggested that the flow of the river be shown 
so that users can see where the water comes from and goes too. Participant 28 suggested that 
the velocity of the water be shown. Participant 17 felt that Reform Hill – a natural landmark 
located on the outskirts of Myrtleford – should be included on the map.  
 
When participants were asked to indicate the way to nearby towns – Bright and 
Yackandandah – several participants provided incorrect directions. When asked to show the 
way to Bright, participants 6 and 14 were confused and unable to answer the question. 
Another participant incorrectly indicated that Bright was located towards Buffalo River Road 
and another participant indicated towards Wangaratta.  
 
Similarly, when it came to showing the way to Yackandandah, five participants provided 
incorrect directions. Again, participants 6 and 14 were confused and unable to answer the 
question. Another two participants indicated towards Buffalo River Road. The fifth 
participant was able to find Yackandandah once the direction of Bright was made obvious. 
 
Three participants commented on the background image, stating that it was confusing and 
should be removed because the position of the image relative to the rest of the town was 
incorrect. 
8.3.3 General design 
A large number of comments were targeted at how the buildings were represented. Arising 
matters included colours used to show land use, images attached to the sides of buildings, 
height and position of buildings, labelling and the use of landmarks. 
 
In regards to the colour of the buildings, participants 16, 14 and 8 found dark brown to be to 
dull. Yellow, on the other hand, was used to colour buildings representing commercial 
properties and was easily recognised by most. Only one participant (1) found the colour a 
problem, stating that it was too dominant. This participant felt that the buildings in general 
were too bright. An interesting suggestion by participant 12 was to introduce colour changes 
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into the design of the buildings so that the colours changes as flood risks for each property 
changed.  
 
Positive comments were received regarding the use of images rendered onto buildings on the 
map. Participants commented on how the images made it easier to recognise landmarks, to 
orientate oneself in the town and to help to associate the representation with reality. 
Participant 4 suggested that the ability to orientate oneself in the map could be improved if all 
buildings had images attached to them. Participant 4 also made the comment that the images 
can only be seen clearly when the zoom level is at street level. An improvement on this could 
be to exaggerate the size of landmarks so that the images attached to the landmarks can be 
seen from a zoom level smaller than street level. 
 
One participant (1) found the height of buildings to be very confusing as the ratio between 
building dimensions was incorrect. This participant suggested that the buildings be 
completely removed. Similarly, participant 3 suggested that there be fewer buildings so to 
place greater focus upon the flood extents. Participant 3 also felt that the inclusion of safety 
information for every property was excessive and that safety information for only the 
landmarks (such as the Post Office, Myrtleford Hotel, Michalinis Cellardoor, Savoy Club) 
was sufficient.  
 
The building labels were appreciated by most participants, although there were some 
participants who preferred the labels to be read from outer zoom levels (3, 11, 14, 8). 
Participant 11 commented on the angle of the labels, stating that hanging street names are not 
as good as the flat view used on the 2D map. This participant also suggested that not all 
buildings be labelled to avoid clutter. The labels allowed participants to orientate themselves 
within the town as demonstrated by participant 25 who indicated the direction of Bright by 
identifying landmarks using the labels. 
 
In addition to the design comments made thus far, several participants provided opinions 
about the appearance of the floodwaters. Participant 2 felt that the colour used was too dull. 
Similarly, participant 8 felt there was not enough contrast between the floodwaters and 
residential buildings. Participant 14 suggested improving how realistic the floodwaters looked 
by using a colour closer to the colour of floodwaters such as grey or brown. Participant 1 felt 
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that opaque floodwaters work better. This participant also commented on how the spread of 
the water was depicted and felt that the water extent needed to be more specific. 
 
Most participants were happy with the design of the overall interface. A suggested adjustment 
to the interface is to make the ‘refresh’ button more obvious and to enlarge the date and time. 
These suggestions were made by participant 27 who emphasised the importance of refreshing 
the Internet browser so that new warning updates are not missed. 
 
There was a defect in the design of the prototype that irritated several participants. The defect 
was an intermittent flickering of the VRML browser: Cortona. The cause of the flickering is 
not known but would need to be fixed before a transition from prototype to a working product 
is made. 
8.3.4 Message design 
The ‘Measurement of Satisfaction’ questionnaire asked participants whether they thought the 
flood warning messages provided via the prototype were relevant and whether they were 
clearly understood. Almost all participants agreed that the messages were relevant. Three 
participants were uncertain of their answer for this question. Almost all participants felt that 
the messages were clear. Six participants were uncertain if the messages were clear. 
 
In regards to property-specific messages, at the beginning of testing participants were asked if 
they wanted information that was property-specific. Eighty-two percent stated that they did. 
Towards the end of the tests, once all hands-on tests were completed and the prototype 
demonstrated, participants were asked rate (using the Measurement of Satisfaction 
questionnaire) whether they felt flood warnings need to be property-specific. Responses from 
participants were fairly consistent at the beginning and end of the test (Figure 8.11). However, 
two participants (2 and 25) felt that it is not necessary for messages to be so specific where 
every property is covered, but instead suggested that general area coverage be used.  
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Figure 8.11 Participant responses when asked whether flood warnings need to be property specific. This 
data was collected using the Measurement of Satisfaction questionnaire. 
Several participants commented on how messages were designed. Many of the comments 
focused on the content. Table 8.1 lists the additional information that was suggested as an 
appendage or improvement to the current content. All comments were practical and could be 
applied to a revised prototype.  
 
Participant Comments 
1 Keep the messages simple. Humans need to be allowed “to use our brains” so then at 
least we think about the situation instead of information being regurgitated to us. 
2 and 25 Messages do not have to be so specific. A general area will do opposed to property 
specific. 
3 Should mention areas around property such as neighbours; 
Include information for those who are outside the town wanting to access property;  
Turn off power at the meter box  
3 and 8 Add BoM forecast. Need to know if it’s getting worse or better ie. tendency Message 
for that property should have a list of other properties affected in the same way  
5 Emphasise not to take risks 
10 “low” means more when conveying water speeds, opposed to “1.3km/hr” 
Would trust information more if there were institutional logos on the site 10 
Can work out information relevant to your property by knowing which river is 
flooding  
17 Flood information needs to be clearer whether it’s by graph or by table 
19 Knowing which area rains most will let us know which river will flood and therefore 
flood our property 
20 Tie any-thing that floats to the ground; beware of electrical equipment; turn off main 
if water is approaching; turn off gas bottles; beware of sewerage water; clean yourself 
after walking in flood water (sewerage can come back up the pipes…hazardous 
materials in water “Keep yourself clean” 
20 and 27 Include a forum so people can keep track of how that property is affected 
26 Careful with electrical appliances – turn electricity off  
Listen to local media. Don’t include exit as might not be able to re-access property, 
therefore be sure you want to leave and contact local police, SES and DNRE etc 
Table 8.1 Additional information to be included in warning messages as offered by participants. 
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The safety information was liked by all participants. The Measurement of Satisfaction 
questionnaire was used to measure how important and relevant participants felt it was to 
include safety information in messages. Results showed that 50% of participants strongly 
agreed that safety messages are relevant, 39% agreed with this statement and 11% party 
agreed. When asked if the safety messages were clear, 39% strongly agreed, 39% agreed and 
21% party agreed. 
8.3.5 Geographic Visualization tools 
As discussed in chapter 6 section 6.6.3, the prototype is a combination of three Geographic 
Visualization (GeoVis) tools: the Flood Warning tool, the Find Property tool and the Safety 
Information tool. The Find Property and Safety Information tools are basic, interactive tools 
that users can use to access information from the map. Once test participants had completed 
test tasks and were given the opportunity to familiarise themselves with the prototype, they 
were asked questions about each of the interactive tools. When asked if they found it easy to 
identify places in Myrtleford using the Find Property tool, most participants agreed (Figure 
8.12). The Find Property tool was received well with comments such as: “the Find Property 
tool is great” (participant 18); “the Find Property tool is fairy good – it’s simple to use” 
(participant 19); and ”the pull down menu is excellent” (participant 3). A number of 
participants needed to be informed that the Find Property button has to be pressed for the 
selected property to be zoomed into. These participants were under the impression that the 
view would change once the property was selected in the menu as opposed to pressing the 
Find Property button.  
Figure 8.12 Participant’s level of agreement or disagreement to the statement “I find it easy to identify 
places in Myrtleford on the map using the Find Property tool” 
The Find Property tool: assessment of ease 
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Foley et al. (1984) showed that the preference of making selections by mouse clicks on menus 
or by key-entering text on command lines, depends on the previous experience and cognitive 
style of the user. In this study, nearly all participants used the pull down menu to locate the 
requested property. Those who did not use the pull down menu used alternative methods such 
as the HTML ‘ALT’ tags (participants 8 and 13) or by directly using the map to locate the 
property without using the Find Property tool (participant 25). Participants 8, 9 and 13 tried to 
use keyboard shortcuts to move around the Find Property menu. Keyboard shortcuts have not 
been incorporated into the prototype design due to time restrictions. Additions such as 
keyboard shortcuts will be considered if there is a reviewed product.  
 
Many participants (around 32%) were unsure of how to find the safety information 
(1,2,5,6,7,9,11,19,25). Most were under the impression that safety information would appear 
once the Find Property button was selected. It was suggested by participants 1, 4, 6 and 12 
that the Find Property and Safety Information tool be combined. It was also suggested by 
participant 18 that an online forum be incorporated into the prototype so that the residents can 
maintain safety and flood information themselves.  
 
The learnability of the two tools was tested by asking participants to find certain properties 
and the safety information associated with those properties. The number of attempts and the 
time taken to find each property was recorded. The average number of attempts taken to find 
the requested properties using both the Find Property tool and Safety Information tool is 
shown in Figure 8.13. On average, participants were able to find the requested property within 
one attempt, for both the Find Property and Safety Information tool. The average time taken 
to find the requested property for both the Find Property tool and Safety Information tool is 
shown in Figure 8.14. For the first repetition, the time taken to complete the task (that is to 
find the requested property and safety information for that property) was higher than the 
second, third and fourth attempts. The time taken for the second, third and fourth attempts 
were fairly consistent, which showed that participants are able to learn how both tools work 
quickly. This implies that the learnability of the tools is high.   
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Figure 8.13 The average number of attempts and the time taken by participants to find the requested 
properties for both the Find Property tool and Safety Information tool. 
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Figure 8.14 The average time taken to find the requested property for each repetition for both the Find 
Property tool and Safety Information tool. 
Participants were also asked to provide a rating for the statement “I find it difficult to interact 
with the map using the computer mouse”. As shown in Figure 8.15, the majority of 
participants are comfortable interacting with the prototype using the computer mouse. 
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Figure 8.15 Participants’ level of agreement with the statement “I find it difficult to interact with the 
prototype using the computer mouse”. 
8.3.6 2D verses 2.5D 
When asked which representation they preferred most – 2D or 2.5D, 61% of participants 
selected the 2D representation, 7% preferred the 2.5D representation and 21% were unsure of 
which they preferred. The most common reason for why 2D was deemed more effective by 
the majority of participants is because a 2D planimetric view is how people are use to viewing 
spatial representations (2,3,10,18,23,26,27) and therefore the map instantaneously appears 
clearer and is easier to orientate oneself around (4, 6, 8,9,11,13,15,18,23,28). Quantitative 
data also showed that participants felt there was greater clarity in the 2D map with 71% of 
participants indicating that the 2D map is easier to understand, 14% disagreed with this 
statement and 11% were unsure. Participants 3 and 25 felt that the major road networks were 
more obvious on the 2D map. Participants 5 and 11 felt that the street names were clearer on 
the 2D map. Participant 26 believed the 2D map was clearer because the information on the 
map was minimal as not all properties were labelled. A few participants suggested 
improvements such as a zoom button (16) and the inclusion of expected water heights at 
various points around town (27). 
 
Although most people preferred the 2D representation, there were several positive comments 
relating to the 2.5D representation. These are listed in Table 8.2. 
 
 
 
 
Difficult to interact using the computer mouse
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PARTICIPANT POSITIVE FEEDBACK  
18, 10 Likes the semi-realistic feel 
7 Looks better than the 2D map 
5,19 Businesses are clearer 
10 Would come in handy as could show the height of water 
11 Would prefer if it had clearer street names 
19,24 Generally clearer 
12 “view centre of town” button is good 
easier to understand because all properties labelled 
12,19 Likes the hills backdrop 
21,28 Better overall view on 2.5D, but still prefer 2D 
1 2.5D effective/looks better but 2D easier to read 
Table 8.2 Positive feedback regarding the 2.5D representation 
Comments and quantitative data on whether the 2.5D is visually appealing, show that most 
participants felt the 2.5D map did attract their attention (Figure 8.16). 
Figure 8.16 Participants ratings as to how much the 2.5D map attracts their attention 
Constructive criticisms surrounding the 2.5D map are listed in Table 8.3. 
PARTICIPANT CONSTRUCTIVE CRITICISM 
2 Confusing perspective. Not as concise and we’re looking 
across it therefore you loose track of the road way 
3,1 Height of buildings is irrelevant/confusing 
3 Doesn’t give right dimension of size 
11,26,27 Gives good view of town but takes longer to recognise what 
things are – especially if you’re familiar with the town 
12,3 Panning would be good 
16,27 2.5D is sort of irrelevant/not functional 
3 Zoom to large. Use areas instead of property specific 
16 
 
“Would be better if you could click on an area on the map 
and then go to that area. Maybe have sub-maps of areas not 
on the map 
Table 8.3 Constructive criticism regarding the 2.5D representation 
 
The 3D map attracts my attention
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Comments regarding confusion and a lack of clarity while using the 2.5D map were also 
collected by quantitative data, where the majority of participants agreed to some extent that 
the 2.5D representation was confusing (Figure 8.17). 
Figure 8.17 Participant ratings as to the level of confusion brought on by the 2.5D representation. 
Some participants (22, 17) were of the opinion that both representations were effective and 
equally clear. Participant 28 suggested that the option of both be provided. Participants 20 and 
27 felt that the maps could be used to complement each other so that the 2D map is used as a 
reference to the 2.5D map.  
8.3.7 Geographic Dirtiness 
Sixty-eight per cent of participants did not offer an overall preference but instead pointed out 
elements of each Geographic Dirtiness level that they liked or disliked. Fifty-seven per cent of 
these participants stated that their preferred level of preference was level 5 (Figure 8.18). Six 
levels of Geographic Dirtiness were offered for assessment. A description and screengrab of 
each of these levels can be found in chapter 7, section 7.6.8. 
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Figure 8.18 Level 5: The preferred level of Geographical Dirtiness. 
 
Similar results were obtained in a study by Cartwright et al. (2005b) where the Geographic 
Dirtiness of a VRML model depicting the Jewell Station Neighbourhood (located in the 
Moreland City Council, Melbourne, Australia) was evaluated. Cartwright et al. (2005b) found 
that the preferred level of complexity was one which included buildings that are colour coded 
according to their land use, a backdrop image used to create the illusion of a continuing 
world, landmark buildings that are rendered with photographs of the buildings and street 
instillations such as telegraph poles and street lights. The variation between the results here 
and that of Cartwright et al. (2005b) is that street instillations are not shown on the prototype 
map.  
8.4 EVALUATING RADIO 
Before a comparison between traditional modes of dissemination in Myrtleford and the 
prototype was made, test participants were asked how effective they thought radio is as a 
warning dissemination mode and format. 
 
Several participants (15, 5, 12, 19) saw radio as a mode that can reach a large number of 
people very quickly, and for this reason trust radio and rely upon it. Participant 11 commented 
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on the availability of a radio, stating: “it is a common appliance that most people own”. 
Participants 21 and 28 liked that a radio is a mobile appliance that can be used whilst 
travelling in a vehicle or while stationary. In addition to this, participants 21 and 28 saw the 
use of airwaves for transmitting warnings as an efficient mode of delivery as it allows people 
to listen to updates while continuing with daily responsibilities.  
 
Opinions on how clear radio messages are and how well they are understood varied. 
Participants 1, 13, 12 and 25 all felt that radio warnings are constructed in a way which 
required much attention and patience as listeners are exposed to a collection of warnings 
relevant to various locations along the river
13
. Participant 12 referred to the information as 
“going in one ear than out the other”. Participants 1 and 18 commented that they did not 
have enough time to fully comprehend and absorb the message because of the dynamic nature 
of the format. Participant 16, on the other hand, found the radio warnings clear. 
 
Participants 3, 12 and 19 felt that the information in the warning was not specific enough to 
Myrtleford. In addition to this, when participants were asked how they would respond to the 
warning, participants 6, 9 and 15 were unsure of how to respond and would have preferred if 
the message content provided suggestions on how to do so.   
 
In Victoria, forecast flooding is generally transmitted through radio broadcast where the flood 
is categorised as either Minor, Moderate or Major (refer to chapter 2, section 2.3.2 for 
category definitions). Therefore, to uphold a sense of authenticity, these categories were 
included as part of the information in the simulated radio broadcast played to test participants 
(refer to chapter 7, section 7.6.4 for details of the simulation). Participants 26 and 27 
commented on their inability to comprehend the meaning of the flood categories and would 
have preferred if there were an explanation of what each category meant. 
 
Also included in the simulated radio broadcast was a list of river heights for particular 
locations that are on the Ovens River. Participants 4, 14 and 15 had difficultly understanding 
how these river heights related to the forecast flood scenario downstream in Myrtleford. 
                                                
13 The simulated broadcast provides lists of rainfall at certain areas on rivers in the catchment which is then 
followed by a list of categorised warnings (minor, moderate, major) for gauged locations along the rivers (Refer 
to Appendix 7F for a recording of the simulated radio broadcast). 
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Participant 3 was of the opinion that if river heights were to be used they need to be expressed 
as the “height of the water above the ground, as well as property specific”. The reason given 
by participant 3 was that they did not know the significance of different river heights and how 
they related to forecast flood situations in Myrtleford.  
 
After the completion of all hands-on testing, participants were asked if radio was their 
preference over the prototype and fax, and were asked to provide a rating using the 
Measurement of Satisfaction questionnaire. Most participants disagreed (to some level) with 
radio being their preferred communication mode and many participants were undecided 
(Figure 8.19). 
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Figure 8.19 Participant responses when asked whether they prefer radio to the prototype or fax as a form 
of warning dissemination and communication. This data was collected using the Measurement of 
Satisfaction questionnaire. 
8.5 EVALUATING FAX 
When it comes to disseminating warnings by fax, a main concern expressed by participants 
(13, 17, 23, 26, 28) was that fax machines are not as commonly found throughout households 
as radio or computers. In addition to this, participants 10 and 11 were of the opinion that even 
if there is a fax machine in the house, messages transmitted through fax are sometimes not 
immediately seen. Participants 16 and 26 felt that reading fax messages took too long and 
stated that they preferred to listen to the radio as it allowed them to be mobile and therefore 
continue with their daily activities. 
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Feedback on message content in fax warnings was similar to the feedback given for radio 
warnings. Participants 2 and 3 were confused by the flood categories and felt that the 
categories needed to be redefined so that they have immediate relevance to Myrtleford. 
Participants 3 and 6 also had difficulty deducting meaning from the message content. When it 
came to river heights, participants commented that they “did not mean anything”. It was also 
suggested by participants 3 and 16 that recommended actions be incorporated into the 
message, as they were unsure of what actions to take. 
 
There were several participants who appreciated the static nature of messages when presented 
on a paper format. A reason given for this is that it allowed message recipients to read 
messages at their own pace and as well as re-read messages as many times as needed – “you 
could miss it if it were on the radio” commented participant 4. Participants 3, 7, 9 and 19 felt 
that receiving the message by text “made more sense” than audio (via radio), and participants 
6, 8 and 18 found it easier to read the message than listen to it. Participants 11 and 15 noticed 
and liked that there was more detail in the fax message than the radio message. Other 
comments and suggestions relating to the fax warning are listed in Table 8.4. 
 
PARTICIPANT COMMENT 
4 It would be preferred if more rainfall information was included in the 
message 
11 The prototype is a good compliment to the fax 
14, 18 Distributing the message by email would be good 
22 Fax is a good secondary source of warning 
Table 8.4 Other comments provided by participants regarding message dissemination by fax. 
8.6 USE OF COMPUTERS 
Since the prototype is a tool that operates on a computer system, it was important to gauge 
how participants felt using a computer to access flood warnings via a system such as the 
prototype. When asked if they would use a computer to access the prototype, 75% answered 
yes, 14% answered no and the remaining 11% did not answer the question.  
 
Participants who are not fully comfortable in front of a computer or use a computer on a 
regular basis were still appreciative of the idea with comments such as: “the more people 
become familiar and comfortable with computers and the Internet, the more appealing the 
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notion will be – “it’s a good idea” (11); and “If I knew more about computers I’d probably 
use the prototype. For now I prefer to stick to humans” (15). 
8.7 USE OF INTERNET  
When asked whether participants would access the prototype via the Internet, the majority 
indicated that they would (Figure 8.18). Participant 19 commented on the convenience of 
having warnings communicated via the Internet stating that: “instead of sitting around you 
can get online and view more information”. Two of the test participants already use the 
Internet to check forecasts – participant 21 uses the online resources to confirm snow 
forecasts and participant 1 uses online resources to track the whereabouts of bushfires (more 
specifically, the 2003 Alpine Shire bushfires). 
Figure 8.20 Participants responses when asked whether they would access the prototype via the Internet. 
8.8 REVISING THE PROTOTYPE  
The results presented here show that, overall, participants were positive towards using an 
online message dissemination system such as the prototype, with 82% of participants stating 
that they would use such a system in a true-to-life situation. The results also indicate that there 
is a preference towards the 2D map than to the 2.5D map. Therefore, it is recommended that a 
2D map be used for a ‘best’ practice prototype. All of the constructive comments made by 
participants were aimed at the 2.5D map. However, a comment was made suggesting that the 
outline of rivers and creeks be added to the map. It is recommended that this be the case for 
the 2D map too. In addition to this, it is recommended that the representation of the map 
include the entire town to help people orientate themselves, as key landmarks such as Reform 
Hill in Myrtleford were not included on the map. It is also recommended that basic navigation 
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tools such as zooming and panning be included, and that users are reminded that they need to 
refresh the page regularly so that new information can be viewed in their browser. 
 
No other revisions to the prototype are necessary. A summary of constructive comments made 
in regards to the 2.5D map can be found in Appendix 14.  
 
The recommendation to use a 2D map and not a 2.5D map requires an amendment to be made 
to the proposed framework discussed in chapter 5. This amendment will be discussed in the 
next chapter. 
8.9 SUMMARY OF CHAPTER 
This chapter presented the results obtained through the test process discussed in chapter 7. 
This included an evaluation of the prototype, a comparison of traditional formats to the 
prototype, and an examination of how participants felt about obtaining flood warnings over 
the Internet using a computer. 
 
When it came to the comparison of traditional formats to the prototype, participants were 
undecided as to which mode of communication they preferred. All formats were liked for 
different reasons. The radio was appreciated because it is a communication mode that can 
reach a large number of people very quickly, and most people own a radio. Also, it was seen 
as an efficient mode of delivery as people can listen to updates without having to stop what 
they are doing, and therefore can continue with daily responsibilities. However, the nature of 
radio warnings was criticised by some participants (1, 13, 12 and 25) who preferred to hear 
messages that were only directly relevant to their situation (or close to) instead of having to 
hear an entire collection of messages for the region. Another disadvantage to message 
dissemination via radio is that they generally do not include safety information. In addition to 
this, participants were unable to interpret river heights meaningfully. The dynamic nature of 
radio broadcasts was also commented on as participants felt that they do not have enough time 
to fully comprehend and absorb the message because it passes by too quickly. 
 
On the other hand, participants liked the fax warning because the delivery medium is static, 
providing participants with enough time to absorb the message. Criticisms relating to the fax 
warning message design were similar to that of the radio warning – safety information is not 
inclusive and river heights were not interpreted so as to mean something to the participant.  
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The concept of the prototype was appreciated for several reasons. These being the: 
• Spatial representation of interpreted forecast river heights at a local level; 
• Inclusion of safety information in the flood warning message; 
• Property specific safety information; and 
• Some-what static representation. 
 
The use of the Internet for accessing the prototype was a concern as it is only just beginning 
to become a mainstream form of communication in the study area. However, the majority of 
participants had a positive attitude towards the Internet and a few commented on the use of 
other technologies such as mobile phones for flood warnings. This indicates that there is a 
positive outlook on the use of new technologies for communicating flood warnings (more on 
the use of new technologies will be discussed in the next chapter). Similarly the attitude 
surrounding the use of maps for communicating flood warnings is also positive. There are 
also participants who see the benefit of communicating via maps, however they still prefer 
traditional modes such as radio: “(Online) maps are good because you can have it sitting on a 
computer during the day. It’s quick to view map changes, but I still prefer radio” (participant 
16). 
 
When participants were evaluated in regards to their confidence in dealing with a flood 
situation, only 50% of participants were confident about their protective behaviour during 
times of emergency. Educating communities the risks they face and how they should deal 
with minimising risks and maximising safety is a challenging task, especially with a 
phenomenon such as flooding which occurs at irregular intervals. Nethertheless, it is a vital 
component of the Total Flood Warning System and can help minimise risks and therefore it is 
suggested that further investigation of this be undertaken on a larger sample size. If the results 
are consistent with the original sample size, it is suggested that the Alpine Shire consider a 
long term education and awareness program as is the case in Britain where a ten year program 
is being implemented based on a social marketing approach (Handmer, 2002; The 
Environment Agency, 2006). 
 
Overall, the concept of the prototype was received well. If the system was to be implemented, 
the recommended changes in section 8.8 will need to be considered and adjustments made 
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accordingly. Further tests will then be required. If the prototype is implemented, it is 
suggested by participants that it be used as a specific or secondary mode to accompany a more 
general mode such as radio.  
 
The results here show no strong cross-demographic correlation or pattern. A reason for this 
could be the size of the sample population being too small for any major correlations in the 
data.  
 
Overall discussion and conclusions relating to the aims and objectives of this research will be 
provided in the next chapter, which will also examine how the results relate to the proposed 
framework.  Future directions will also be discussed. 
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CHAPTER 9 DISCUSSION AND CONCLUSIONS 
 
 
9.1 INTRODUCTION 
This chapter summarises the major findings of this research, outlines the recommended 
amendments to the framework proposed in this thesis, discusses the limitations of the 
framework and the prototype and outlines future research directions. In addition to this, this 
chapter looks at whether the aim and objectives for this research were achieved.  
9.2 SUMMARY OF RESEARCH FINDINGS 
The bulk of findings for this research came after testing of the framework was complete. This 
section summarises the major outcome of this research and outlines the product (the prototype 
online flood warning system) developed as part of this research. This is followed by a 
discussion on the main findings from this study. 
 
A major outcome of this research is the development of a framework that was designed to 
address issues specifically related to the message construction and dissemination of flood 
warnings.  The framework proposes that flood warning messages can be communicated to 
people using graphic formats (such as maps) so that flood information – including warning 
messages and safety information – can be personalised for individual properties. The 
framework also proposes that the Internet be used to disseminate warnings, as it is a medium 
that can reach many people simultaneously using graphic tools.  
 
The framework was assessed by developing and testing a prototype online flood warning 
system. The design of the prototype was guided by components set in the framework. The 
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prototype online flood warning system is a product of this research. It has been developed as a 
template, whereby the prototype can be customised to suit various locations, assuming the 
appropriate flood data is available for that location. The prototype was developed using open-
source technology. The reason for this is so that it could be implemented as a working product 
at minimal cost and so that additional functions can be added to the system if necessary 
without any concerns about the overheads of using proprietary software. Overall findings 
showed that test participants accepted the concept and would use a product such as the 
prototype. 
 
In conjunction with the development of the framework, this research provided a way of 
connecting real-time flood data to meaningful flood information and representing that 
information graphically, over the Internet using the World Wide Web. In Australia, real-time 
flood information is currently disseminated via the Bureau of Meteorology Flood Warning 
Service (http://www.bom.gov.au/hydro/flood/flooding.shtml), which provides river heights 
recorded at gauges strategically located along rivers that are prone to flooding. The research 
presented in this thesis has taken this information and given it “meaning” by graphically 
illustrating what these numbers may mean to those at risk. The process of doing this has been 
through the use of “Geographic Hypermedia”, which links real-time data to spatial data from 
different servers and various sources (Stefanakis and Peterson, 2006). 
 
The remainder of this section outlines research findings from testing the prototype.  
 
Test results showed that test participants liked the idea of communicating flood warnings 
using a map, as they were able to “see” what the warnings meant. Warnings distributed via 
existing media – radio and fax – were found to lack meaning as the content did not include an 
interpretation of what was meant by the flood classifications (Minor, Moderate or Major) or 
any specific information that helped put the warning into perspective. Having a visual 
interpretation of messages, like those provided by the prototype, was appreciated by test 
participants.  
 
In addition, the use of maps established a means of incorporating property specific safety 
information into a flood warning message. The nature of popular, current modes of flood 
communication such as radio and fax, are not practical for presenting safety information, as 
recipients would need to sort through lengthy lists in order to find relevant warnings or safety 
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information. Maps, on the other hand, have the advantage that they can provide users with 
access to a large amount of location-based information while still allowing the user to choose 
what information they wish to view as messages can be organised so that they are specific to 
geographic locations. All test participants found value in being able to easily access safety 
information.  
 
Using a questionnaire, it was also found that 50% of test participants were not confident about 
how they would protect themselves during times of emergency. This reiterates concerns raised 
in the literature review of this thesis (chapter 2) that question the meaningfulness of current 
messages and whether information provided in current message formats is effective. Such 
concerns were raised by authorities such as the Victorian Flood Warning Consultative 
Committee (2005b), Keys (2004), Betts (2003) and Handmer (2000). 
 
This research also assessed the viability of using the Internet (and the Web) as a mode of 
disseminating flood warning messages. It was found that most test participants were content 
to use the Internet to access flood warning information and appreciated the convenience the 
Internet provided.  
9.3 AMENDMENTS TO THE PROPOSED FRAMEWORK 
The results obtained from testing the prototype indicate a preference from test participants for 
2D maps and not 3D maps for communicating flood warnings. Therefore, it is recommended 
that if a working product is developed, that the maps be created in 2D and not 3D. This 
requires an amendment to the framework described in chapter 5, section 5.3.4, as the use of 
3D maps in no longer needed. 
9.4 LIMITATIONS OF THE RESEARCH 
This section looks at limitations of the framework proposed in this thesis (as discussed in 
chapter 5) as well as limitations associated with the prototype online flood warning system 
and associated template. 
9.4.1 Limitations of the framework 
Using a graphic format such as a map means that the flood extent will be defined on a map by 
a boundary. A limitation of the current framework is that it does not address the problem of 
how to communicate uncertainties associated with the placement of this boundary. This can 
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be problematic if the information is interpreted to represent exactly what could happen, as it is 
unlikely that the boundary will show the exact location of predicted floodwaters. Exploring 
ways of how to communicate these uncertainties was not an aim or an objective of this 
research, however it is recommended that for future related research, ways in which to 
communicate these uncertainties need to be investigated. In addition, it is also recommended 
that tests be carried out to determine how people interpret the floodwater boundary drawn on 
the map and whether the boundary is taken literally or not.  
9.4.2 Limitations of the prototype and template 
A major limitation of the prototype is that the flood information presented to the public is pre-
defined based on past experiences and flood simulations. This means that the flood 
information is not an exact reflection of the situation. The flood maps used have been directly 
transposed from Average Reoccurrence Interval (ARI) flood event maps created via a flood 
study – The Myrtleford Floodplain Management Study (Sinclair Knight Merz, 2000) . Other 
flood information such as floodwater heights and velocity, have also been taken from The 
Myrtleford Floodplain Management Study. There have been developments in close to real-
time mapping of flood conditions by the U.S. Geological Survey (refer to Jones et al. (2002) 
for details), however these developments are still to be tested on a population at risk and used 
in a real-life situation. In addition to this, the close to real-time flood modelling undertaken by 
Jones et al. (2002) is not without errors and uncertainties (refer Jones et al. (2002:12) for 
statistics). Forecast systems are based upon prediction and data interpretation so it is unlikely 
that a forecast would be without some uncertainty. 
 
Another limitation of the prototype relates to the design of the Flood Warning tool. The Flood 
Warning tool works by obtaining river heights upstream from the Bureau of Meteorology’s 
Flood Warning Service (http://www.bom.gov.au/hydro/flood) and then associating these river 
heights to the best suited ARI flood event map. Presently, the existing mathematical 
conditions that dictate which map is to be displayed are too simplistic. Table 9.1 shows the 
established conditions that determine which map should be displayed by the Flood Warning 
tool for the Eurobin gauge, upstream from Myrtleford. As shown in Table 9.1, the Flood 
Warning tool would display a 10-year ARI flood event map if the height of the water were 
greater than or equal to 5.3m. A 20-year ARI flood event map would be displayed if the river 
height were greater than or equal to 5.9m. The problem here is that regardless of how close 
the gauge reading is to 5.9m, the map displayed would remain a 10-year ARI flood event map 
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even though the gauge reading implies an approaching flood event that is closer to a flood 
depicted on a 20-year ARI flood event map.  
Condition Map to be displayed 
If height >= 7.5m 500 year ARI flood event map 
If height >= 7.0m 200 year ARI flood event map 
If height >= 6.6m 100 year ARI flood event map 
If height >= 6.2m 50 year ARI flood event map 
If height >= 5.9m 20 year ARI flood event map 
If height >= 5.3m 10 year ARI flood event map 
Table 9.1 Conditions dictating which map the Flood Warning tool displays based upon river height 
readings upstream for the Eurobin gauge. Data source: Sinclair Knight Merz (2000). 
 
The prototype design is also restricted insofar as only one floodwater source is considered. 
This source is a watercourse that must be measured by an upstream gauge where the 
corresponding lag-time is 8 hours or more between the gauge location and the population at 
risk downstream. This is a limitation in the design as floodwaters can simultaneously impact a 
population from several surrounding watercourses, depending upon the geographic 
characteristics of the location. The prototype template can be customised to accommodate for 
this, however, for the sake of testing a concept, the prototype design was simplified and uses 
only one source of flooding. 
 
Similarly, for the sake of testing a concept, the prototype was limited to being used on a 
laptop or desktop computer only. However, the framework can be applied to other devices 
that display graphic formats and have Internet access. This is further discussed in the next 
section. 
9.5 FUTURE RESEARCH DIRECTIONS 
The use of geographic visualisation tools over the Internet for communicating flood warning 
and flood information to the public is a novel research area within emergency management. 
This study as has identified various opportunities for future research that either elaborates or 
stems from the research in this thesis. This section outlines several areas of possible future 
research including: the expansion into mobile communication technology; greater integration 
of community involvement through online social networks and tools; the redevelopment and 
retesting of the prototype using 2D maps; further investigation into any developments 
regarding the spatial modelling of close to real-time flood conditions; and the application of 
the framework to other natural hazards. 
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As mentioned in section 9.4.2, this research restricted the access device for the prototype 
online flood warning system to a laptop or desktop computer. However, the online warning 
system could be adapted for use with mobile communication technologies such as 
smartphones (for example, the i-phone by Apple Incorporated or The BlackBerry Storm made 
by Research In Motion) or Personal Digital Assistants (PDAs). These devices provide the 
advantage of mobility. Mobile communication technology has the advantage of being able to 
alert people with greater immediacy through the use of SMS text messaging or email 
notification for any flood warnings issued. In conjunction with the online flood warning 
system, hyperlinks to the online flood warning system can be included in the text message or 
email. Future research would require investigation into suitable development environments 
and related usability testing.  
 
Using the Internet to disseminate flood warnings provides a number of avenues for greater 
community involvement (refer to chapter 2, section 2.3.3 for how greater community 
involvement can benefit the overall flood warning process). Using the Internet, community 
members can share and archive flood information and local knowledge through community 
based networks such as blogs, forums and social networks (Twitter, Facebook etc). The online 
flood warning system presented in this thesis could be expanded to include tools that allow 
people to add their own information to that which is already provided. This information could 
be things such as experiences, anecdotes, suggestions and amendments to the information 
already provided. However, any information added would need to be verified by an authorised 
moderator to avoid passing on misleading information. It would also be beneficial if 
additional investigation was made into whether there should be a limit as to how much input 
the community should have into an online flood warning system and what that limit should 
be. 
 
Based on test results, it is advised that the prototype online flood warning system be 
redeveloped to coincide with the required amendment to the proposed framework – the use of 
2D maps and not 3D (refer to section 9.3). The use of 2D will require an investigation into a 
suitable development environment. The prototype could also be expanded to include 
additional tools (refer to chapter 6, section 6.2.3 for tool designs). Research into how to 
develop any additional tools would be required, along with associated usability testing. 
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It is also recommended that the redeveloped prototype be tested with other communities as 
this research was tested in only one study area (Myrtleford). Although the point of saturation 
in test results was achieved after the 24th participant had completed the test, it would be 
beneficial if other tests were also carried out on other communities to determine whether there 
are any correlations or differences between community preferences and if there is an overall 
preference about how risk messages should be communicated.   
 
It is also recommended that further investigation be made into methods and technology for the 
mapping and delivery of near real-time flood conditions to the public; in case there have been 
recent technological advances in this area. At the time of writing this thesis and researching 
flood-mapping methods, a means of delivering maps via the Internet that show close to real-
time flood conditions at a local scale, was not identified and therefore pre-defined ARI flood 
event maps were used instead.  
 
Another direction for future research would be to investigate whether the proposed framework 
is suitable for other natural hazards. To apply the framework to other natural hazards, 
investigation is needed into things like: the needs and requirements from communities at risk; 
the state of current warning messages; and the availability of data. The research in this thesis 
provided several examples of online geographic visualisation tools available for natural 
hazard communication to the public (refer to chapter 4, section 4.5.3). Many of the tools 
discussed in chapter 4 accommodate a range of natural hazards including bushfires, 
earthquakes, cyclones and tsunamis. However, there were no examples found that delivered 
near real-time risk information that was also property specific, as proposed in the framework.  
9.6 DID THE STUDY MEET ITS AIM AND OBJECTIVES? 
The aim of this research was to investigate whether the use of online, geographic visualisation 
tools designed for communicating flood risks could improve the public’s understanding and 
response to flood warnings. Several research objectives were established and addressed. 
These are outlined in chapter 1, section 1.2. Both the primary and secondary objectives were 
met.  
 
The first of the primary objectives (outlined in chapter 1, section 1.2) was met in chapters 2, 3 
and 4, where a comprehensive literature review on topics of flood warning in Victoria, risk 
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communication and geographic visualisation tools was provided. An outcome of the literature 
review was the development of key questions for this research, these questions being: 
1. ‘how can we communicate early flood warnings and relevant flood 
information to the public so that messages are understood and motivate 
those at risk to minimise damage and maximise safety?’ and; 
2. ‘how do we capture the public’s attention when communicating flood 
warnings?’  
By addressing the second research objective, both of these questions were answered. The 
second objective required that a framework be developed that addressed relevant research 
issues and proposed a method for improving flood risk communication to the public using 
geographic visualisation tools accessed over the Internet. This objective was met and the 
framework is described in chapter 5. 
 
In order to address the research aim and test the framework (established in chapter 5), the 
third and fourth objectives required that a flood warning information system be designed, 
developed and tested. The third objective was directed towards the design of the system and 
was achieved in chapter 6. The fourth objective focused on the development of a prototype 
flood warning information system, as guided by the framework, and testing the prototype on a 
flood prone community in Victoria. Testing the prototype enabled the framework to be tested. 
The fourth objective was met (described in chapters 6 and 7).  
 
In addition to the four primary research objectives, there were three secondary objectives. The 
first secondary objective required open-source Internet technology to be used to create the 
flood warning information system (chapter 6). To meet this objective, research into an 
appropriate development environment was made. Finding the most appropriate development 
environment was also influenced by conditions established in the framework (the second 
primary objective) as well as the second secondary objective. The second secondary objective 
required that the flood warning information system to be designed as a template so that it 
could be applied to various flood prone areas and communities. The second secondary 
objective was met (chapter 6). Scripting languages PHP, VRML and Java were found to be 
the best-suited development environment. 
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The final secondary objective required investigation into whether or not the public were ready 
to trust Internet sources for the provision of flood risk information. This objective was 
addressed during the testing process of the prototype (chapter 7).  
9.7 CONCLUSION 
In conclusion, this research developed a framework for improving the communication of 
flood warnings to the public. The framework was tested by using it to guide the design of a 
prototype flood warning system, which was subsequently developed and tested on a flood-
prone community. Test results show that test participants appreciated the overall concept of 
the framework. In particular, and when compared to current and popular means of 
communication, radio and fax, test participants appreciated having access to a visual 
representation of the warning forecast, via a map and at a local scale. Many participants felt 
that having a visual interpretation put the warning into better perspective, meaning that they 
could “see” what the terminology used actually meant. In addition, test results showed that 
50% of test participants were unsure of their best protective actions during times of flooding 
and appreciated the safety messages delivered by the prototype. Overall the concept of the 
framework was well received.  
 
There were several limitations to this research in both the framework and the prototype. The 
main limitation of the framework is that it did not address the issue of how to show 
uncertainties in the flood warning information that is represented on the maps. As for the 
prototype, there were various design limitations including:  
• The use of ARI flood event maps (pre-defined maps) instead of maps that represent 
near real-time modelling;  
• The consideration of only one floodwater source even though floodwaters can 
simultaneously impact a population from several surrounding watercourses;  
• The prototype being designed and tested for use on laptop and desktop computers 
only; and  
• That the conditions set for the map that should be displayed are too simplistic. 
 These limitations could be addressed by future research. 
 
The approach to flood risk communication presented in this thesis has created numerous 
research opportunities that could be undertaken to, improve or expand upon the research in 
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this thesis.  In particular, there is much room for further investigation into the use of the 
Internet for flood risk communication, ranging from the use of devices other than laptop and 
desktop computers (such as smartphones and PDAs), to the use of online networks as a means 
of encouraging community involvement with things like collaborative local knowledge 
building and awareness enhancement. There is also the possibility for further investigation 
into ways of communicating uncertainties in the flood information.  
 
The framework presented in this thesis has been applied to floods only. Whether the 
framework could be applied to other hazards, merits further investigation.  
Geographic visualisation tools for communicating flood risks to the public 
 226 
REFERENCES 
 
  
Al-Kodmany, K (2001), 'Bridging the gap between technical and local knowledge: tools for 
promoting community based planning and design', Journal of Architectural and Planning 
Research, vol. 18, no. 2,  pp. 110-130. 
Alston, M & Bowles, W (2003), Research for social workers: An introduction to methods, 
2nd Edition edn, Allen & Unwin, Australia. 
Ames, A, Nadeau, D & Moreland, J (1997), VRML 2.0 Sourcebook, 2nd Edition edn, Wiley, 
United States of America. 
Ames, AL, Nadeau, D.R., Moreland, J.L. (1997), VRML 2.0 Sourcebook, 2nd Edition edn, 
John Wiley & Sons, Canada. 
Andrienko, G, Andrienko, N, Dykes, J, Gahegan, M, Roberts, J & Theus, M (2005), 'Creating 
instruments for ideation: Software approaches to Geovisualization', in J Dykes, AM 
MacEachren & M-J Kraak (eds), Exploring Geovisualization, Elsevier, Oxford, pp. 103-125. 
Andrienko, G, Andrienko, N & Voss, H (2003), 'GIS for everyone: The CommonGIS project 
and beyond', in M Peterson (ed.), Maps and the Internet, Elsevier, UK, pp. 131-146. 
Asche, H & Herrmann, C (1994), 'Designing intearctive maps for planning and education', in 
AM MacEachren & DRF Taylor (eds), Visualization in modern cartography, Elsevier Science 
Ltd, New York, pp. 215-242. 
AusStats (2001), Use of the Internet by Householder - Australia, Australian Bureau of 
Statistics,, viewed 25 October 2005, 
[http://www.abs.gov.au/websitedbs/d3310114.nsf/Home/Popular%20Statistics]. 
Australian Bureau of Statistics (2001), Census for population of computer usage in Alpine 
Shire, CDATA01 GIS database, viewed December 14 2004. 
Australian Bureau of Statistics (2007), Internet connection by dwelling, viewed 12 December 
2007, [http://www.abs.gov.au]. 
Geographic visualisation tools for communicating flood risks to the public 
 227 
Australian Bureau of Statistics (2008), Household access to computers and the Internet, 
Australian Bureau of Statistics, viewed 12 July 2009, 
[http://www.abs.gov.au/ausstats/abs@.nsf/lookupMF/ACC2D18CC958BC7BCA2568A9001
393AE]. 
Australian/New Zealand Standard (2004), 'AS/NZS 4360:2006 Risk Management', 
Australian/New Zealand Standard. 
Avery, S (2003), 'More reliable than e-mail, fax delivers peace of mind', Purchasing 
Magazine Online, 17 April. 
Baker, A, Cawood, M & McPherson, N (2005), 'A review of Victorian flood warning 
development priorities - Looking into the crystal ball', paper presented to Fourth Victorian 
Flood Management Conference, Shepparton, October 11-14. 
Barnett, M (2005), The Survival Blog of New Orleans, LiveJournal, viewed 10 October 2007, 
[http://mgno.com/]. 
Basin (2002), Boulder area sustainability information network, viewed August 7 2002, 
[http://bcn.boulder.co.us/basin/watershed/hydrograph.html]. 
Baum, A (1987), 'Toxins, technology and natural disasters', in G Van den Bos & B Byrant 
(eds), Cataclysms, crises and catastrophes, American Psychological Association, Washington 
DC, pp. 5-54. 
Beer, T & Ziolkowski, F (1995), 'Environmental risk assessment: an Australian perspective', 
in T Norton, T Beer & SR Dovers (eds), Risk and uncertainty in environmental management, 
The Australian National University, Canberra, pp. 7-13. 
Bertin, J (1983), 'Les fondements de la graphique', L'image fixe - espace de l'image et temps 
du discours, pp. 36-37. 
Betts, R (2003), 'The missing links in community warnings systems: findings from two 
Victorian community warning system projects', The Australian Journal for Emergency 
Management, vol. 18, no. 3,  pp. 37-45. 
Betts, R (2007), 'Community engagement in emergency management - Uncertainty, risky, and 
challenging', paper presented to 5th Flood Management Conference, Warrnambool, 9-12 
October. 
Bradner, S (2000), 'The Internet engineering task force', in C DiBona, S Ockman & M Stone 
(eds), Open sources: Voices from the open source revolution, O'Reilly, Boston. 
brendanmalin (2008), Byron Street Mackay Flooded, You Tube [moving footage], viewed 22 
July 2008, [http://www.youtube.com/watch?v=1vTrOfx3hDI]. 
Brodlie, K (2005), 'Models of collaborative visualization', in J Dykes, AM MacEachren & M-
J Kraak (eds), Exploring Geovisualization, Elsevier, Oxford, pp. 463-475. 
Brown, M (2002), Australia's Worst Disasters, Lothian Books, Australia. 
Geographic visualisation tools for communicating flood risks to the public 
 228 
Bureau of Meteorology (2001), Arrangements for flood warning services in Victoria, Bureau 
of Meteorology, Australia. 
Bureau of Meteorology (2005), Flood Warning Service, viewed April 01 2005, 
[www.bom.gov.au/hydro/flood/]. 
Bureau of Meteorology (2006), Flood Warning Services, BoM, viewed 27 February 2006, 
[http://www.bom.gov.au/hydro/flood/flooding.shtml]. 
Bureau of Transport and Regional Economics (2001), Economic costs of natural disasters in 
Australia, Bureau of Transport and Regional Economics, Canberra. 
Bureau of Transport and Regional Economics (2002), Benefits of flood mitigation in 
Australia, Bureau of Transport and Regional Economics, Canberra. 
Caquard, S & Taylor, DRF (2005), 'Art, maps and cybercartography', in DRF Taylor (ed.), 
Cybercartography: Theory and practice, Elsevier, Amsterdam, pp. 285-307. 
Card, S, Mackinlay, J & Shneiderman, B (1999), Readings in information visualization: 
Using vision to think, Morgan Kaufmann Publishers, San Francisco. 
Carey, R & Bell, G (1997), The Annotated VRML 2.0 Reference Manual, Addison-Wesley, 
U.S. 
Cartwright, W (2006a), 'Exploring the use of a virtual map shop', in E Stefanakis, M Peterson, 
C Armenakis & V Delis (eds), Geographic Hypermedia, Springer-Verlag, Berlin, pp. 73-95. 
Cartwright, W (2006b), 'Using 3D models for visualizing 'The city as it might be'', paper 
presented to ISPRS Technical Commission II Symposium, Vienna, July 12-14 
[http://www.isprs.org/commission2/proceedings06/pdf/cartwright.pdf]. 
Cartwright, W (2008a), 'Delivering geospatial information with Web 2.0', in M Peterson (ed.), 
International perspectives on maps and the Internet, Springer-Verlag, Berlin, pp. 11-30. 
Cartwright, W (2008b), 'Re-visiting the use of surrogate walks for exploring local geographies 
using non-immersive multimedia', in M Dodge, M McDerby & M Turner (eds), Geographic 
visualization - Concepts, tools and applications, Wiley, England, pp. 109-140. 
Cartwright, W, Miller, S & Pettit, C (2004), 'Geographical visualization: Past, present and 
future development', Journal of Spatial Science, vol. 49, no. 1,  pp. 25-36. 
Cartwright, W & Peterson, M (1999), Multimedia Cartography, vol. 2, Springer, Berlin. 
Cartwright, W, Pettit, C, Nelson, A & Berry, M (2005a), 'Community collaborative decision-
making tools: determining the extent of 'Geographical Dirtiness' for effective displays', paper 
presented to Proceedings of the 21st International Cartographic Conference, A Coruña, Spain, 
July, CD-ROM. 
Cartwright, W, Pettit, C, Nelson, A & Berry, M (2005b), 'Towards an understanding of how 
the 'Geographical Dirtiness' (Complexity) of a virtual environment changes user perceptions 
of a space', paper presented to MODSIM 2005 International Congress on Modelling and 
Simulation, 1 May, 2006. 
Geographic visualisation tools for communicating flood risks to the public 
 229 
Chess, C, Salomone, KL & Hance, BJ (1995), 'Improving risk communication in government 
research priorities', Risk Analysis, vol. 15, no. 2,  pp. 127-135. 
Collins, BM (1993), 'Data visualization - has it all been seen before?', in RA Earnshaw & D 
Watson (eds), Animation and scientific visualization: Tools and applications, Academic 
Press, London. 
Computer Industry Almanac (2004), Worldwide Internet users top 1 billion in 2005, 
Computer Industry Almanac Inc., viewed 12 Feb 2009 2009, [http://www.c-i-
a.com/pr0904.htm]. 
Computer Industry Almanac (2006), Worldwide Internet users top 1.2 billion in 2006, 
Computer Industry Almanac Inc., viewed 12 Feb 2009 2009, [http://www.c-i-
a.com/pr0207.htm]. 
Conrad, F & Blair, J (2003), 'Aspects of data quality in cognitive interviews: The case of 
verbal reports', in S Presser, J Rothgeb, M Couper, J Lesser, E Martin & J Martin (eds), 
Methods for testing and evaluating survey questionnaires, John Wiley & Sons, New York. 
Converse, T & Park, J (2000), PHP 4 Bible, IDG Books, United States of America. 
Cottrell, A (2006), 'Community action for community safety: A residents' flood mitigation 
committee', paper presented to Emergency Management Australia Flood Warning Workshop, 
Mt Macedon, 8-9 June. 
Covello, VT (1992), 'Trust and credibility in risk communication', Health and Environmental 
Digest, vol. 6, no. 1,  pp. 1-3. 
Crapper, G, Muncaster, S & Tierney, G (2005), 'Spreading the word - community awarenss 
and alerting for Shepparton and Mooroopna', paper presented to Fourth Victorian Flood 
Management Conference, Shepparton, October 11-14. 
Creative Research Systems (2003), Sample Size Calculator, viewed 4 October 2005, 
[http://www.surveysystem.com/sscalc.htm]. 
CSC - IT Center for Science (2007), Modelling the universe, CSC, viewed October 14 2008, 
[http://www.csc.fi/english/csc/scientific_computing/applications/modeling_universe/index_ht
ml]. 
Czaja, R & Blair, J (2005), Designing  surveys - A guide to decisions and procedure, Pine 
Forge Press, Thousand Oaks. 
DeFanti, TA, Brown, MD & McCormick, BH (1989), 'Visualization: Expanding scientific and 
engineering research opportunities', in GM Nielson, B Shriver & LJ Rosenblum (eds), 
Visualization in Scientific Computing, IEEE Computer Society press, California. 
Department of Natural Resources and Environment (1998), Victoria: Flood Management 
Strategy, July 1998. 
Department of Transport and Regional Services (2006), Funding and expenditure, Australian 
Government, viewed 8 Aug 2006, 
[http://www.dotars.gov.au/disasters/ndmp/guidelines/funding.aspx]. 
Geographic visualisation tools for communicating flood risks to the public 
 230 
DiBiase, D (1990), 'Visualization in earth sciences', Earth and mineral sciences Bulletin, vol. 
59, no. 2,  pp. 13-15. 
Dillon, A & Watson, C (1996), 'User analysis in HCI: the historical lesson from individual 
differences research', International Journal of Human-Computer Studies, vol. 45, no. 6,  pp. 
619-637. 
Döllner, J (2005), 'Illustrative visualization of 3D city models', paper presented to 
Proceedings of Visualization and Data Analysis, San Jose, California, 17-18 January. 
Döllner, J (2007), 'Non-photorealistic 3D geovisualization', in W Cartwright, M Peterson & G 
Gartner (eds), Multimedia Cartography, 2 edn, Springer, Berlin, pp. 229-239. 
Douglas, M (1985), Risk acceptability according to the social sciences, Russell Sage 
Foundation, New York. 
Douglas, M (1990), 'Risk as a forensic source', Doedalus, vol. 119, no. 4,  pp. 1-16. 
Dovers, SR (1995), 'Risk and Uncertainty in Environmental Management', paper presented to 
Proceedings of the 1995 Australian Academy of Science Fenner Conference on the 
Environment, Canberra, 13-16 November. 
Drobot, S & Parker, DJ (2007), 'Advances and challenges in flash flood warnings', 
Environmental Hazards, vol. 7,  pp. 173-178. 
Drottz-Sjoberg, B-M (2000), 'Exposure to risk and trust in information; Implications for the 
credibility of risk communication', The Australiasian Journal of Disaster and Trauma 
Studies, vol. 2000-2. 
Duce, T, Voth, E., Andrews, P. (1995), Visualization of historical wildfire data: Application 
of a DX-Oracle interface, viewed April 13 2004, 
[http://opendx.npaci.edu/publications/environmental/mtwildfire/index.html]. 
Dufty, N (2008), 'A new approach to community flood education', The Australian Journal for 
Emergency Management, vol. 23, no. 2,  pp. 5. 
Dursteler, JC (2002), Information visualization, what is it all about? (# 100), viewed 20 
November 2003, [http://www.infovis.net/E-zine/2002/num_100.htm]. 
Dykes, J (1999), panoraMap, University of Leicester, viewed 12 June 2009, 
[http://www.geog.le.ac.uk/vfc/software/panoramap/index.html]. 
Dykes, J (2005), 'Facilitating interaction for Geovisualization', in J Dykes, AM MacEachren 
& M-J Kraak (eds), Exploring Geovisualization, Elsevier, Oxford, pp. 256-291. 
Dykes, J, MacEachren, AM & Kraak, M-J (2005a), Exploring Geovisualization, Elsevier, 
Oxford. 
Dykes, J, MacEachren, AM & Kraak, M-J (2005b), 'Exploring geovisualization', in J Dykes, 
AM MacEachren & M-J Kraak (eds), Exploring Geovisualization, Elsevier, Oxford, pp. 3-19. 
Geographic visualisation tools for communicating flood risks to the public 
 231 
Eick, SG (1994), 'Graphically displaying text', Journal of Computational and Graphical 
Statistics, vol. 3,  pp. 127-142. 
Elliot, J (1997), 'Flood warning in Australia', in J Handmer (ed.), Flood warning - Issues and 
practise in total system design, Flood Hazard Reserach Centre, Middlesex University, pp.89-
103. 
Emergency Management Australia (1995), Flood warning: an Australian guide, vol. Part III, 
Australian Emergency Management Series: Guide 5, Emergency Management Australia, 
Canberra. 
Emergency Management Australia (1999), Flood warning: an Australian guide, 2nd edition 
edn, vol. Part III, Australian Emergency Management Series: Guide 5, Emergency 
Management Australia, Canberra. 
Emergency Management Australia (2001), Implementing Emergency Risk Management, vol. 
Volume 1: Part 2, Australian Emergency Manuals Series, Emergency Management Australia, 
Mount Macedon. 
Emergency Management Australia (2003), Hazards, disasters and your community - A 
booklet for students and the community, vol. Sixth Edition, Emergency Management 
Australia, Mt Macedon. 
Emergency Management Australia (2004), Emergency Risk Management Applications Guide, 
vol. Manual 5, Australian Emergency Manuals Series, Emergency Management Australia, 
Mount Macedon. 
Emergency Management Australia (2005), Community Safety - Floods, Australian 
Government, viewed 12 January 2008, 
[http://www.ema.gov.au/ema/emaInternet.nsf/AllDocs/RWP10A4B850AA8E5BD1CA256C5
A0020745A?OpenDocument]. 
Emergency Management Australia (2009), Australian Emergency Management Terms, 
Australian Government, viewed 10 August 2009, 
[http://library.ema.gov.au/emathesaurus/tr295.htm]. 
Environment Agency (2004), Flood Maps, viewed 1 July 2006, [http://www.environment-
agency.gov.uk/maps/]. 
ESRI (1998), ESRI shapefile technical description, ESRI, 
[http://www.esri.com/library/whitepapers/pdfs/shapefile.pdf]. 
ESRI (2009), ESRI Home page, ESRI, viewed June 2009 2009, [http://www.esri.com/]. 
Filderman, L (1990), 'Designing public education programmes: a current perspective', in J 
Handmer & E Penning-Rowsell (eds), Hazards and the Communication of Risk, Gower 
Technical, p. 219. 
Fischhoff, B (1985), 'Managing Risk Perceptions', Issues in Science and Technology, vol. 2, 
no. 1,  pp. 83-96. 
Geographic visualisation tools for communicating flood risks to the public 
 232 
Fischhoff, B (1995), 'Risk perception and communication unplugged: twenty years of 
process', Risk Analysis, vol. 15, no. 2,  pp. 137-145. 
Fischhoff, B (2004), 'Helping the public make health risk decisions', in V Covello, D 
McCallum & M Pavlova (eds), Effective risk communication: The role and responsibility of 
government and nongovernment organisations, Springer, pp. 111-116. 
Fischhoff, B, Bostrom, A & Quadrel, MJ (2002), 'Risk perception and communication', in R 
Detels, J McEwen, R Beaglehole & H Tanaka (eds), Oxford textbook of public health, Oxford 
University Press, vol. 4th edition. 
Foley, JD, Wallace, VL & Chan, P (1984), 'The human factors of computer graphics 
interaction techniques', paper presented to IEEE Computer Graphics and Applications, 
November. 
Friendly, M (2008), Milestones in the history of thematic cartography, statistical graphics, 
and data visualization, York University, viewed 17 Nov 2008, 
[http://www.math.yorku.ca/SCS/Gallery/milestone/milestone.pdf]. 
Fritz, C & Williams, HB (1957), 'The human being in disasters: a research perspective', 
Annals of the American Academy of Political Science, vol. January,  pp. 42-51. 
Fuhrmann, S & Pike, W (2005), 'User-centered design of collaborative geovisualization tools', 
in J Dykes, AM MacEachren & M-J Kraak (eds), Exploring Geovisualization, Elsevier, UK, 
pp. 591-609. 
Gahegan, G (2005), 'Beyond tools: Visual support for the entire process of GIScience', in J 
Dykes, AM MacEachren & M-J Kraak (eds), Exploring Geovisualization, Elsevier, Oxford, 
pp. 83-99. 
Geomantics (2006), GenesisIV, Geomantics, viewed 26 May 2009, 
[http://www.geomantics.com/index.htm]. 
GeoVISTA Center (2001), GeoVISTA Studio, Penn State University, viewed 11 March 2009, 
[http://www.geovistastudio.psu.edu]. 
Gissing, A (2002), 'Business in the Macleay - Commercial flood damage Kempsey 2001', 
paper presented to paper presented at the 42nd Annual NSW Floodplain Management 
Conference, Kempsey, 30th April - 3rd May. 
Google (2009), Google Earth, Google, viewed 12 July 2009, [http://earth.google.com/]. 
GRASS (2009), GRASS GIS Homepage, viewed June 10 2009, [http://grass.itc.it/index.php]. 
Haber, RB & McNabb, DA (1990), 'Visualization idioms: A conceptual model for scientific 
visualization systems', in GM Nielson & BD Shriver (eds), Visualization in scientific 
computing, IEEE Computer Society Press, Los Alamitos, California, pp. 74-93. 
Haley, J (2007), 'FloodSmart: Improving flood education to the community', paper presented 
to 5th Flood Management Conference, Warrnambool, 9-12 October. 
Geographic visualisation tools for communicating flood risks to the public 
 233 
Handmer, J (1990), 'Risk communication for flash floods', paper presented to 30th Annual 
Flood Mitigation Conference, Wollongong, 15-18 May. 
Handmer, J (1995), 'Communicating uncertainty: perspectives and themes', paper presented to 
Risk and uncertainty in environmental management, Canberra, 13-16 November. 
Handmer, J (2000), 'Are flood warnings futile? Risk communication in emergencies', The 
Australian Journal of Disaster and Trauma Studies, vol. 2000-2. 
Handmer, J (2002), 'Flood warning reviews in North America and Europe: statements and 
silence', Australian Journal of Emergency Management, vol. 17, no. 3,  pp. 17-24. 
Handmer, J & Ord, K (1986), 'Flood warning and response', in D Smith & J Handmer (eds), 
Flood warning in Australia: policies, institutions and technology, Centre for Resource and 
Environmental Studies, Canberra. 
Hare, T (2003), Add XY Centroid v2, [Script for ArcView GIS], viewed April 21 2005, 
[http://arcscripts.esri.com/details.asp?dbid=11978:]. 
Harley, JB (1990), 'Cartography, ethics and society theory', Cartographica, vol. 27, no. 2,  pp. 
1-23. 
Harrower, M, MacEachren, AM & Griffin, A (2000), 'Developing a geographic visualization 
tool to support earth science learning', Cartography and Geographic Information Science, vol. 
27, no. 4,  pp. 279-293. 
Howard, D & MacEachren, AM (1996), 'Interface design for geographic visualization: Tools 
for representing reliability', Cartography and Geographic Information Science, vol. 23, no. 2,  
pp. 59-77. 
Hydrotechnology (1995), Documentation and review of 1993 Victorian floods - Ovens River 
Catchment Floods, Department of Conservation and Natural Resources, Vol 3. 
IBM (2000), Open DX, viewed April 13 2004, [http://www.opendx.org/]. 
Ikeda, K (1982), 'Warning fo disaster and evacuation behaviour in a Japanese chemical fire', 
Journal of Hazardous Materials, vol. 7, no. 1,  pp. 51-62. 
International Panel on Climate Change - Working Group I (2001), Climate Change 2001 - 
IPCC Third Assessment Report, International Panel on Climate Change, Cambridge 
University Press. 
Johnson, BB & Slovic, P (1995), 'Presenting uncertainty in health risk assessment', Risk 
Analysis, vol. 15, no. 1,  pp. 485 - 494. 
Johnson, J (2005), Flood Waters Can't Sink Net Link, Wired Magazine, viewed 25 October 
2007, [http://www.wired.com/science/discoveries/news/2005/09/68725]. 
Jones International & Jones Digital Century (1999), Computers: History and development, 
viewed 26 August 2004, [http://www.digitalcentury.com/encyclo/update/comp_hd.html]. 
Geographic visualisation tools for communicating flood risks to the public 
 234 
Jones, JL, Fulford, JM & Voss, FD (2002), Near-real-time simulation and Internet-based 
delivery of forecast-flood inundation maps using two-dimensional hydraulic modelling: A 
pilot study of the Snoqualmie River, Washington, U.S Geological Survey, Tacoma, 
Washington. 
Kasperson, J, Kasperson, R, Pidgeon, N & Slovic, P (2003), 'The social amplification of risk: 
Assessing fifteen years of research and theory', in N Pidgeon, R Kasperson & P Slovic (eds), 
The social amplification of risk, Cambridge University Press, Cambridge, p. 448. 
Kazazic, E, Zimmermann, P & Baker, A (2005), 'You can't forecast without them: flood 
warning data collection networks in Victoria', paper presented to Proceedings of the Fourth 
Victorian Flood Management Conference, Shepparton, October 11-14. 
Keating, T (2005), 'After the degluge - some reflections on more than twenty years of disaster 
management', paper presented to Fourth Victorian Flood Management Conference, 
Shepparton, October 11-14. 
Keim, DA, Panse, C & Sips, M (2005), 'Scope, techniques and opportunities for 
Geovisualization', in J Dykes, AM MacEachren & M-J Kraak (eds), Exploring 
Geovisualization, Elsevier, Oxford, pp. 23-52. 
Keys, C (2001), 'A combat agency and its hazard: a New South Wales State Emergency 
Service perspective on the management of flooding', paper presented to Second Victorian 
Flood Management Conference, Traralgon, October. 
Keys, C (2004), 'Warning people about coming floods: Recent developments and some 
barriers to improved performance', paper presented to 44th Annual Conference of the 
Floodplain Management Authorities of NSW, Coffs Harbour, NSW, 11-14 May. 
Keys, C (2006), 'The evolution of floodplain risk management and real-time flood 
management planning in New South Wales', Australian Journal of Emergency Management, 
vol. 21, no. 1,  pp. 3-8. 
Keys, C & Cawood, M (2007), 'Why flood warnings fail too often', paper presented to 5th 
Flood Management Conference, Warrnambool, 6-9 October. 
King, D (2002), 'Understanding the message: social and economic impacts of weather 
generated natural hazards', paper presented to AMOS Conference Proceedings, University of 
Melbourne, Melbourne, February 2002. 
King, S, Merinda, C, Latimer, B & Ferrari, D (1989), Co-Design: A process of design 
participation, Van Nostrand Reinhold, New York. 
Kirschenbauer, S (2005), 'Applying "True 3D" techniques to geovisualization: An empirical 
study', in J Dykes, AM MacEachren & M-J Kraak (eds), Exploring Geovisualization, 
Elsevier, Oxford, pp. 363-387. 
Kraak, M-J (2008), 'Geovisualization and time - New opportunities for the space-time cube', 
in M Dodge, M McDerby & M Turner (eds), Geographic visualization - Concepts, tools and 
applications, Wiley, England, pp. 293-306. 
Geographic visualisation tools for communicating flood risks to the public 
 235 
Krimsky, S (2007), 'Risk communication in the internet age: The risk of disorganized 
skepticism', Environmental Hazards, vol. 7, no. 2,  pp. 157-164. 
Kutais, BG (2006), Focus on the Internet, Nova Science Publishers, Hauppauge, NY. 
Laplante, P (1995), 'The Convergence of Technology and Creativity in the Corporate 
Environment', IEEE Transactions of Professional Communication, vol. 38, no. 1,  20-24. 
LaTrobe Shire (1999), Flood response guidelines for the community - Traralgon and rural 
surrounds. 
Lead, S (2003), ArcPoint - Convert polyline or polygon theme to point shapefile, [Script for 
ArcView GIS], viewed April 21 2005, [http://arcscripts.esri.com/details.asp?dbid=12395:]. 
Leahy, CP, Srikanthan S., Amirthanathan G., Sooriyakumaran, S., (2007), 'Objective 
uncertainty in flood warnings', paper presented to 5th Flood Management Conference, 
Warrnambool, 9-12 October. 
Lee, TR (1986), 'Effective communication of information about chemical hazards', The 
Science of the Total Environment, vol. 51,  pp. 149-183. 
Leech, WW (1975), Royal Commission Inquiry into Grand River Flood 1974, Queen's 
Printer, Toronto. 
Lewis, JR (1994), 'Sample sizes for usability studies: additional considerations', Human 
Factors, vol. 36, no. 2,  pp. 368-378. 
Lindgaard, G (1994), Usability testing and system evaluation - A guide for designing useful 
computer systems, Chapman and Hall Computing, London. 
Lindgaard, G, Brown, A & Bronsther, A (2005), 'Interface design challenges in virtual space', 
in DRF Taylor (ed.), Cybercartography: Theory and practice, Elsevier, Amsterdam, pp. 221-
229. 
Linkfluence (RTGI Group) (2007), Presidential watch 2008, RTGI Group, viewed 10 
October 2008, [http://presidentialwatch08.com/index.php/map/]. 
Luhmann, N (2005), Risk: A sociological theory, Aldine, New York. 
Lundgren, R & McMakin, A (1998), Risk communication: A handbook for communicating 
environmental, safety, and health risks, 2nd Edition edn, Battelle Press, Ohio. 
Lundgren, R & McMakin, A (2004), Risk communication: A handbook for communicating 
environmental, safety, and health risks, 3rd Edition edn, Battelle Press, Ohio. 
Lyman, P (2001), 'Response', paper presented to University teaching as E-Business? Research 
and policy agendas, Berkeley, October 26-27. 
MacEachren, AM (1994), 'Visualization in modern cartography: Setting the agenda', in AM 
MacEachren & DRF Taylor (eds), Visualization in modern cartography. 
Geographic visualisation tools for communicating flood risks to the public 
 236 
MacEachren, AM, Buttenfiled, BP, Cambell, JB, D.W, D & Monmonier, M (1992), 
'Visualization', in RF Abler, MG Marcus & JM Olson (eds), Geography's inner worlds: 
Pervasive themes in contemporary American geography, Rutgers University Press, New 
Jersey. 
MacEachren, AM & Ganter, JH (1990), 'A pattern identification approach to cartographic 
visualization', Cartographica, vol. 27, no. 2,  pp. 64-81. 
MacEachren, AM, Kraak, M-J & Verbree, E (1999), 'Cartographic issues in the design and 
application of geospatial virtual environments', paper presented to Proceedings of the 19th 
International Cartographic Conference, Ottawa, Canada, Aug 14-21. 
Mach, R & Petschek, P (2000), Visualization of digital terrain and landscape data: A manual, 
Springer, Berlin. 
Manning, MR (2003), 'The difficulty of communicating uncertainty', Climate Change, vol. 
61, no. 1-2,  pp. 9-16. 
Marks, D (1990), 'Imagery, information and risk', in E Penning-Roswell & J Handmer (eds), 
Hazards and the communication of risks, Gower Technical, England, pp. 19-29. 
McCamish, EA (2005), 'Disaster response and recovery at the community level: How to do it 
better', paper presented to Fourth Victorian Flood Management Conference, Shepparton, 
October 11-14. 
McCormick, BH, DeFanti, TA & Brown, MD (1987), 'Visualization in Scientific Computing', 
Computer Graphics, vol. 21, no. 6. 
McPherson, N (2003), 'Emergency Management - community awareness', paper presented to 
2003 Australian Disaster Conference, Canberra, 10-12 September. 
Miller, AI (1984), Imagery in scientific thought: Creating 20th century physics, Birkhauser, 
Boston. 
Miller, SM & Miller, KL (1999), 'Using instructional theory to facilitate communication in 
web-based courses', Educational Technology & Society, vol. 2, no. 3,  pp. 106-114. 
Molino, S (2007), Roles and responsibilities for VICSES in flood education, Published report 
commissioned by the Victoria State Emergency Service. 
Monmonier, M (2005), 'POMP and Circumstance: Plain old map products in a 
cybercartographic world', in DRF Taylor (ed.), Cybercartography: Theory and practice, 
Elsevier, Amsterdam, 15-34. 
Moore, K (1999), 'Virtual reality as a new cartographic paradigm', in W Cartwright, M 
Peterson & G Gartner (eds), Multimedia Cartography, Springer-Verlag, Berlin, pp. 205-216. 
National Research Council (1989), Improving risk communication, National Academy Press, 
Washington D.C. 
National Research Council (2000), From research to operations in weather satellites and 
numerical weather prediction, National Academic Press, Washington D.C. 
Geographic visualisation tools for communicating flood risks to the public 
 237 
Nielsen, J (1993), Usability Engineering, Academic Press, San Diego, CA. 
Nielsen, J (2000), Why you only need to test with 5 users, Altertbox, viewed 12 December 
2004, [http://www.useit.com/alertbox/]. 
Nisbett, R & Ross, L (1980), Human inference: strategies and shortcomings of social 
judgement, Prentic Hall, Englewood Cliffs, New Jersey. 
O'Riordan, T (1990), 'Hazard and risk in themodern world: political models for programme 
design', in E Penning-Roswell & J Handmer (eds), Hazards and the communication of risk, 
Gower Technical, England. 
Office of the Emergency Services Commissioner (2006), The Evaluation of the Community 
Information and Warning System, Department of Justice, Victorian Government. 
Opper, S & Rutledge, A (1999), 'Making flood warnings more effective: SES, council and 
community input into the development of flood warning systems and services', paper 
presented to Annual conference of the floodplain management authorites, Tamworth. 
Osgood, C, Suci, G & Tannenbaum, P (1957), The measurement of meaning, University of 
Illinois Press, Urbana, Illanois. 
Ottaway, N (2002), Wangaratta Flood Study to F Basic, 6 April 2004. 
Palen, L, Hitz, SR & Liu, S (2007), 'Online forums supporting grassroots participation in 
emergency preparedness and response', Communications of the ACM, vol. 50, no. 3,  pp. 54-
59. 
Parker, D & Handmer, J (1998), 'The role of unofficial flood warning systems', Journal of 
Contingencies and Crisis Management, vol. 6, no. 1,  pp. 45-60. 
Parker, D & Neal, J (1990), 'Evaluating the performance of flood warning systems', in J 
Handmer & E Penning-Roswell (eds), Hazards and the communication of risk, Gower 
Technical, England, pp. 137-156. 
Parker, D & Penning-Rowsell, E (1982), 'Flood risk in the urban environment', in DT Herbert 
& RJ Johnston (eds), Geography and the Urban Environment, John Wiley & Sons, London, 
pp. 201-229. 
Pedretti, EG (2004), 'Perspectives on learning through research on critical issues-based 
science centre exhibitions', Science Education, vol. 88, no. Special Issue In: Practice - 
Perspectives on a decade of museum learning research (1994-2004),  pp. 34-47. 
Penning-Rowsell, E & Handmer, J (1990), 'The changing context of risk communication', in E 
Penning-Roswell & J Handmer (eds), Hazards and the communication of risks, Gower 
Technical, England, pp. 3-14. 
Perrow, C (1984), Normal accidents, Basic Books, New York. 
Perry, RW & Greene, MR (1982), 'The role of ethnicity in the emergency decision-making 
process', Sociological Inquiry, vol. 52, no. 2,  pp. 306-334. 
Geographic visualisation tools for communicating flood risks to the public 
 238 
Pesce, M (1995), Connective, collective, corrective: The future of VRML, viewed May 30 
2003, [http://www.hyperreal.org/~mpesce/vrworld.html ]. 
Peterson, M (2003), 'Foundations of research in Internet cartography', in M Peterson (ed.), 
Maps and the Internet, Elsevier Science and Technology. 
Peterson, MP (2008), 'International perspectives on maps and the Internet: An introduction', in 
MP Peterson (ed.), International perspectives on maps and the Internet, Springer, Berlin. 
Peuquet, DJ & Kraak, M-J (2002), 'Geobrowsing: creative thinking and knowledge discovery 
using geographic visualization', Information Visualization, vol. 1, no. 1,  pp. 80-91. 
Pfister, N (2002), 'Community response to flood warnings: the case of an evacuation from 
Grafton, March 2001', The Australian Journal for Emergency Management, vol. 17, no. 2,  
pp. 19-29. 
Pidgeon, N (1992), 'The psychology of risk', in DI Blockley (ed.), Engineering safety, 
McGraw-Hill, Maidenhead, pp. 167 - 185. 
Pidgeon, N, Hood, C, Jones, D, Turner, B & Gibson, R (1992), 'Risk Perception', in The 
Royal Society (ed.), Risk: analysis, perception and management, The Royal Society, London, 
pp. 118-134. 
Pidgeon, N, Kasperson, R & Slovic, P (2003), The social amplification of risk: A conceptual 
framework, Cambridge University Press, Cambridge. 
Plaisant, C (2005), 'Information visualization and the challenge of universal usability', in J 
Dykes, AM MacEachren & M-J Kraak (eds), Exploring Geovisualization, Elsevier, Oxford, 
pp. 53-82. 
Pritkin, F (2000), 'The Internet and underwriting - What the future holds', California Broker 
Magazine, vol. August, 2000. 
Ragget, D (1994), Extending WWW to support platform independent virtual reality, viewed 
June 15 2003, [http://http://www.w3.org/People/Raggett/vrml/vrml.html]. 
Reisberg, D (2001), Cognition: Exploring the science of the mind, 2nd Edition edn, W.W. 
Norton & Company, USA. 
RMIT Human Research Ethics Committee (2002), RMIT HREC Information Package - Risk 
classification of research projects, RMIT University, Melbourne. 
Robinson, J & McKay, G (2003), 'WWW for Flood Warning', paper presented to 43rd Annual 
Conference of the Floodplain Management Authorities of NSW, Forbes. 
Rose, F (1999), 'Risk communication', in S Sadhra & K Rampal (eds), Occupational health: 
Risk assessment and management, Blackwell Science, pp. 279-287. 
Rural City of Wangaratta and Alpine Shire (2001), Flood reponse guidelines for the flood 
affected community of the Alpine Shire and Rural City of Wangaratta. 
Geographic visualisation tools for communicating flood risks to the public 
 239 
Salant, P & Dillman, D (1994), How to conduct your own survey, John Wiley & Sons, 
Canada. 
Sandman, P (1987), 'Explaining risk to non-experts: a communication challenge', paper 
presented to Conference on Global Disasters and International Information Flow, The 
Annenberg Schools of Communications, Washington D.C., October 8-10. 
Sandman, P, Weinstein, ND & Klatz, ML (1987), 'Public response to the risk from geological 
radon', Journal of Communication, vol. 37, no. 3,  pp. 93-108. 
Scanlon, J (1990), 'People and warnings: So hard to convince', in J Handmer & E Penning-
Roswell (eds), Hazards and the communication of risk, Gower Technical, England, pp. 233-
245. 
Scillio, M (2002), 'Working with the community in emergency risk management', Australian 
Journal of Emergency Management, vol. 16, no. 4,  pp. 59-61. 
Sinclair Knight Merz (2000), Myrtleford Floodplain Management Study - Final Report, 
Melbourne. 
Skinner, BF (1953), Science and human behaviour, MacMillan, New York. 
Smith, D (1999), 'Strengths and weaknesses of floodplain management in Australia', paper 
presented to Inaugral Victorian Floodplain Management Conference, Wangaratta, 8-10 
September. 
Smith, D (2000), 'Flood plain management: Problems, issues and opportunities', in DJ Parker 
(ed.), Floods: Hazards & disasters, Routledge, London, vol. 1, pp. 254-267. 
Smithson, M (1991), 'The changing nature of ignorance', in J Handmer, B Dutton, B Guerin & 
M Smithson (eds), New perspectives on uncertainty in risk, Centre for Resource and 
Environmental Studies (Australian National University) & Australian Emergency 
Management Institute, Canberra, p. 5-38. 
Sorensen, JH (2000), 'Hazard warning systems: review of 20 years of progress', Natural 
Hazards Review,  pp. 119-125. 
Sorensen, JH & Gersmehl, PJ (1980), 'Volcanic hazard warning system: Persistence and 
transferability', Environmental Management, vol. 4, no. March,  pp. 125-136. 
Soste, L, Cawood, M, McPherson, N & Hauser, R (1997), 'Local government issues involved 
in the development of a Total Flood Warning System', paper presented to 9th National Local 
Government Engineering Conference, Melbourne. 
Spool, J & Schroeder, W (2001), 'Testing web sites: five user is nowhere near enough', paper 
presented to Conference on Human Factors in Computing Systems, Seattle, Washington, 31 
March - 5 April. 
Spurgeon, A (1999), 'Risk perception', in S Sadhra & K Rampal (eds), Occupational Health: 
Risk assessment and management, Blackwell Science, pp. 266-277. 
Geographic visualisation tools for communicating flood risks to the public 
 240 
State Emergency Service (1996), Mitchell River & Tributaries - A practical guide on how to 
prevent and reduce flood damage, Community Flood Awareness, State Emergency Service. 
Stefanakis, E & Peterson, M (2006), 'Geographic Hypermedia', in E Stefanakis, M Peterson & 
V Delis (eds), Goegraphic Hypermedia, Springer, Berlin, pp. 1-21. 
Strothotte, T & Schlechtweg, S (2002), Non-photorealistic computer graphics: Modeling, 
rendering, and animation, Elsevier, London. 
Sullivan, M (2003), 'Communities and their experience of emergencies', The Australian 
Journal for Emergency Management, vol. 18, no. 1,  pp. 19-26. 
Takatsuka, M & Gahegan, M (2002), 'GeoVISTA studio: A codeless visual programming 
environment for geoscientific data analysis and visualization', Computers & Geosciences, vol. 
28, no. 10,  pp. 1131-1144. 
Taylor, DRF (1991), 'Geographic information systems: the microcomputer and modern 
cartography', in DRF Taylor (ed.), Geographic information systems: The microcomputer and 
modern cartography, Pergamon Press, Oxford, pp. 1-20. 
Taylor, DRF (1993), 'Geography, GIS and the modern mapping sciences / convergence or 
divergence?', Cartographica, vol. 30, no. 2,3,  pp. 47-53. 
Taylor, DRF (1997), 'ICC97', paper presented to Proceedings of the 18th ICA/PCI 
International Cartographic Conference, Stockholm, Sweden. 
Taylor, DRF (2005a), 'The concept of cybercartography', in M Peterson (ed.), Maps and the 
Internet, Elsevier, Oxford, pp. 405-420. 
Taylor, DRF (2005b), Cybercartography: Theory and practice, Elsevier, Amsterdam. 
The Environment Agency (2006), Flooding, The Environment Agency, viewed March 2 
2006, [http://www.environment-agency.gov.uk/subjects/flood/]. 
The PHP Group (2003), What can PHP do?, viewed June 12 2003, 
[http://nz2.php.net/manual/en/intro-whatcando.php ]. 
Theus, M (2005), 'Statistical data exploration and geographical information visualization', in J 
dykes, AM MacEachren & M-J Kraak (eds), Exploring Geovisualization, Elsevier, England, 
p. 127-142. 
Treinish, LA (1995), 'Visualization of stratospheric ozone depletion and the polar vortex', 
[http://www.research.ibm.com/dx/proceedings/cart/ozone.htm]. 
Trembilski, A (2001), 'Two methods for cloud visualization from weather simulation data', 
The Visual Computer, vol. 17, no. 3,  pp. 179-184. 
Tversky, B (2001), 'Spatial schemas in depictions', in M Gattis (ed.), Spatial schemas and 
abstract thought, The MIT Press, Massachusetts, pp.79-112. 
Geographic visualisation tools for communicating flood risks to the public 
 241 
University Corporation for Atmospheric Research. (2005), Vapor: Visualization & analysis 
platform University Corporation for Atmospheric Research, viewed 12 August 2008, 
[http://www.vapor.ucar.edu/gallery/]. 
Unwin, D (2008), 'Encounters with (Geo) Visualization - Forward', in M Dodge, M McDerby 
& M Turner (eds), Geographic Visualization - concepts, tools and applications, Wiley, 
England, XI-XVI. 
Victorian Department of Sustainability and Environment (2004), Adapting to climate change: 
Enhancing Victoria's capacity Department of Sustainability & Environment. 
Victorian Flood Warning Consultative Committee (1994), Flood Warning Development 
System Plan, Victoria. 
Victorian Flood Warning Consultative Committee (1997), Flood Warning Development 
System Plan, Victoria. 
Victorian Flood Warning Consultative Committee (2005a), Flood warning service 
development plan for Victoria - Reveiw of flood warning system development priorities within 
Victoria (Executive Summary), Commonwealth of Australia. 
Victorian Flood Warning Consultative Committee (2005b), Flood warning service 
development plan for Victoria: Review of flood warning system development priorities within 
Victoria. 
Virzi, R (1990), 'Streamlining the design process: running fewer subjects', paper presented to 
Proceedings of the Human Factors Society 34th annual meeting, Orlando, Florida. 
Visvalingam, M (1991), Visualization, Cartographic Information System Research Group 
discussion paper, University of Hull, UK. 
Vogt, M, Willis, K & Vince, J (2008), 'Weighing up the risks - the decision to puchase 
housing on a flood plain', The Australian Journal for Emergency Management, vol. 23, no. 1,  
p. 49-53. 
Wachowicz, M, Cui, L, Vullings, W & Bulens, J (2008), 'The effects of web mapping 
applications on user satisfaction', in MP Peterson (ed.), International perspectives on maps 
and the Internet, Springer, Berlin, 397-415. 
Wang, W, Pailthorpe, B, Speer, M, Buckley, B, Morrison, R & Leslie, L (2000), 24-hour 
model weather forecast for the Sydney Olympics, The University of Queensland, viewed 
August 12 2008, 
[http://www.vislab.uq.edu.au/research/weather_olympics/index.html?print=1]. 
Warner, F (1992), 'Introduction', in The Royal Society (ed.), Risk: analysis, perception and 
management, The Royal Society, London, pp. 1-12. 
Web3D Consortium (2009), Web 3D Consortium, viewed 23 April 2009, 
[http://www.web3d.org/]. 
Webopedia (2003), Webopedia, viewed May 23 2003, [www.webopedia.com]. 
Geographic visualisation tools for communicating flood risks to the public 
 242 
Weinstein, ND, Sandman, P & Hallman, WK (1994), 'Testing a visual display to explain 
small probabilities', Risk Analysis, vol. 14, no. 6,  pp. 895-896. 
Williams, BJ & Finlayson, BL (1999), 'A review of floodplain management in Victoria this 
century', paper presented to Inaugral Victorian Floodplain Management Conference, 
Wangaratta, 8-10 September. 
Williams, P, Siekierska, E, Armenakis, C, Savopol, F, Siegel, C & Webster, J (2005), 
'Visualization and hypermedia for decision making', in E Stefanakis, M Peterson, C 
Armenakis & V Delis (eds), Geographic Hypermedia: Concepts and systems, Springer, 
Berlin, p. 309-328. 
Wilson, C (1990), 'Education and risk', in J Handmer & E Penning-Rowsell (eds), Hazards 
and the communication of risk, Gower Technical. 
Wisner, B, Blaikie, P, Cannon, T & Davis, I (2004), At risk: Natural hazards, people's 
vulnerability and disasters, Second Edition edn, Routledge, London. 
Woolrych, A & Cockton, G (2001), 'Why and when five test users aren't enough', paper 
presented to Proceedings of IHM-HCI2001 Conference, Cepadeus, France. 
Yale University. (2008), Geographically based economic data (G-Econ), Yale University, 
viewed October 2008, [http://gecon.yale.edu/]. 
Zara, J, Cizek, J., Ghais, K., Mikes, S., Rajnoch, J., Holub, M. & Chromy, P (2001), Virtual 
Old Prague Project, viewed June 15 2003, [http://www.cgg.cvut.cz/vsp/]. 
 
 
Geographic visualisation tools for communicating flood risks to the public 
 243 
APPENDICES 
 
Geographic visualisation tools for communicating flood risks to the public 
 244 
Appendix 1. Questionnaire #1 and relevant Plain Language Statement 
 
(Plain Language Statement for Questionnaire #1) 
 
Project Information 
 
Geographic Visualization tools for communicating the risk of floods 
 
Dear Participant 
 
My name is Fatima Basic and I am writing to ask if you would like to be a part of a 
Focus Group for the project titled "Geographical Visualization tools for 
communicating the risk of floods". This project is being run as a Masters degree in 
the Department of Geospatial Science, RMIT University and is supervised by 
Associate Professor William Cartwright (first supervisor) and Professor John 
Handmer (second supervisor). 
 
The primary aim of my research is to determine whether Geographical Visualization 
and Geographical Visualization tools are an effective and advantageous option for 
communicating the risk of floods to the general public using the World Wide Web. 
The general public are the targeted user group for this research. This is because the 
general public tend to be the least aware of flood risks and flood dangers within their 
community, due to a lack of continual flood information during times of emergency. 
 
As part of this research I am assembling a Focus Group who will provide valuable 
feedback into the design and development of these tools. Two things will be required 
of Focus Group members: 
To complete a questionnaire that should take you approx. 30-40 mins to complete; 
and  
To test and evaluate the GeoVis tools. The testing procedure can be completed in 
front of any computer that has accessibility to the Internet.  The URL will be emailed 
to you so that you can access the tools. The testing procedure will not commence 
until late 2003. 
 
The Focus Group will comprise of members who have experience and knowledge in 
the following areas: 
Visualization/Cartography; 
Risk and Community Safety; 
Emergency Services; 
Flooding/Hydrology. 
 
These areas are very relevant to the purpose of the study. Therefore it is important that 
expert viewpoints from each of the disciplines are obtained.  
 
Your participation in this project is entirely voluntary and can be withdrawn or 
discontinued at any time – and where it is possible – withdraw any unprocessed data 
previously supplied.  
 
It is not necessary for you to provide your name or address on the questionnaire. Only a 
general understanding of whether each of the GeoVis tools will be useful for 
communicating the risk of floods to the general community is needed. It is your expert 
“opinion” about specific GeoVis tools that is required. The data collected from the 
questionnaires will be used to improve the design and purpose of the GeoVis tools. 
Subject to legal constraints, all responses will be kept confidential. In the unlikely event 
that data is subpoenaed, data will be provided. Only my supervisors and myself will have 
access to the research data, which will be securely stored in the Department of Geospatial 
Science for the duration of the research.   
 
 
 
 
GEOSPATIAL SCIENCE____  
 
 
Department of 
Geospatial Science 
and the 
Geospatial Science Initiative 
 
Excellence in: 
• GIS & Remote Sensing 
• Measurement Science 
• Multimedia & Visualisation 
• Risk & Community Safety 
• Sustainable Development 
 
GPO Box 2476V 
Melbourne  Australia  3001 
 
Telephone + 61 3 9925 2213 
Facsimile + 61 3 9663 2517 
Email: geospatial@rmit.edu.au 
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Results will be published in the thesis for this project and may be published in papers for 
journals and conferences and presented at conferences. 
 
The procedures in this project are of a “No Risk” classification, where “No Risk” refers to 
non-invasive projects where there is no risk to subjects above the everyday norm and 
where subjects are not identified (“No Risk” is a classification defined by the RMIT 
Human Research Ethics Committee). The RMIT University Human Research Ethics 
Committee has approved this project. 
 
 If you are able to be a part of this Focus Group, could you please: 
E-mail a reply to Fatima.Basic@rmit.edu.au  confirming your interest; and 
State whether you prefer to receive the questionnaire via e-mail or post. 
If you wish, you may examine the content of the questionnaire before you make the 
decision to be a part of the Focus Group for this research.  
 
If you have further questions feel free to contact the research supervisors or myself. You 
can find all the relevant contact details below. Your expertise and contribution to this 
project will be greatly valued.  
 
 
Kind regards, 
 
 
 
 
Fatima Basic BGeom (Hons) 
 
Masters Candidate 
Dept. of Geospatial Science 
GPO Box 2476V 
RMIT University 
Melbourne 3001 
Fatima.Basic@rmit.edu.au  
 
Supervisors 
Assoc Prof William Cartwright 
Ph (03) 99253274 
William.Cartwright@rmit.edu.au  
 
Professor John Handmer 
Ph (03) 93252307 
John.Handmer@rmit.edu.au  
 
 
 
 
 
 
 
Any complaints about your participation in this prject may be directed to the Secretary, RMIT Human Research Ethics Committee, 
University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001. The telephone number is (03) 9925 1745. 
Details of the complaints procedure are available from the above address. 
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Questionnaire#1 
 
Contact: 
Fatima Basic 
Postgraduate Research Student 
Dept. of Geospatial Science 
GPO Box 2476V 
RMIT University 
Melbourne 3001 
Ph. (03) 99253277 
Fax (03) 96632517 
E-mail Fatima.Basic@rmit.edu.au 
 
Title of Study 
Geographical Visualisation tools for communicating the risk of floods 
 
Aim 
To investigate whether Geographical Visualisation (GeoVis) tools are a viable option for communicating the risk 
of river floods to the general public.  
 
Study Area 
The township of Myrtleford in the north-east of Victoria will be used as the study area. The people of Myrtleford 
have been affected by major flooding of the Ovens River most recently in 1993, 1995, 1996 and 1998.  
 
Purpose of this Questionnaire 
To present the GeoVis tools that have been designed for this study for rating by authorities who have knowledge 
in any of the following areas:  
 Risk management (especially of floods);  
 Risk communication (especially of floods);  
 Community safety;  
 Visualisation and cartography.  
Ratings given to the tools and related comments will influence the decision as to which tools should be 
developed and tested.  
 
There are two parts to this questionnaire – Part A and Part B. Part A asks for information about your 
experience with floods and visualisation. Part B asks questions specifically related to the Geographical 
Visualisation tools designed as part of this research. 
 
As a background to this questionnaire, useful definitions for Geographical Visualisation, Geographical 
Visualisation tools, Risk and Risk Communication have been included below. 
 
1. Geographical Visualisation  
Visualisation can be thought of as the conversion of raw data into a displayable image, which can be understood by 
the human perceptual system (Haber and McNabb, 1990). Applying visualisation theories and methodologies to 
geo-referenced data has been called Geographical Visualisation (MacEachren, 1998). 
2. Geographical Visualisation tools 
Geographical Visualisation tools are used to help users explore information and then guide them through the 
information. 
3. Risk 
Simply defined, risk is the probability of the occurrence of an uncertain event with unpleasant consequences. The 
U.S.A EPA defines risk as being “measure of the chance that damage to life, health, property, or the environment 
will occur” (U.S EPA, 1998). 
4. Risk Communication 
Communicating risk is the process of developing and delivering a message from the risk expert to the general 
public (Husdal, n.d, cited Cutter, 1993). 
 
Time to complete questionnaire 
Approximately 30 mins. 
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Part A 
Please answer by marking the appropriate box. 
 
1. Please indicate which age group you fit into: 
 
18 – 30 
31 – 45 
46 – 60 
60 + 
 
2. In regards to your occupation, where would you say you fit best: 
 
Community Safety 
Information Technology  
Emergency Management 
Emergency Volunteer  
Cartography  
Visualisation 
Other (please specify) 
      
 
 
 
3. Have you ever been affected by flooding? If yes please provide the following details: 
 
 Yes     No 
 
a) Location (place name or postcode if possible): 
Year: 
  
b) The extent and type of flood/s.  
c)  
River 
Coastal 
Flash  
Storm-surge 
Other (please specify) 
 
Extent 
Please provide a description of the extent of flooding. 
You may choose to use the minor, moderate and major 
classifications. 
 
 
 
d) Please indicate how you were affected by the flooding? Tick the appropriate box. 
Damage to: 
 
Household furniture 
Household appliances 
Transport 
Business equipment/stock 
Stress 
Other…(please specify) 
 
 
 
e) Indicate the means of flood awareness within your community 
 
Radio 
Television 
Brochures 
Internet 
Posters 
Letters 
Community meetings 
Other…          
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f) Were you warned before the flooding began?  
 
Yes     No 
 
If yes please provide the warning device you encountered.  
If you have not been affected by flooding, please indicate the method of warning you know to exist. 
 
N
o
,
  
 
 
 
 
 
 
4. Please rate the following where   5 = Excellent; 4=Good; 3=Uncertain; 4=Bad; and 1 = Poor. Enter your rating in 
the box beside each statement. 
 
Flood risk communication in your community 
 
Flood awareness in your community (providing flood awareness is necessary) 
 
Your confidence when it comes to interactive digital graphics 
 
 
Add any comments that might provide additional information 
 
                 Yes, affected by flooding.  
 
Indicate the warning device encountered. 
           No, not affected by flooding 
 
Indicate the method of warning known to exist. 
Siren Siren 
 
Radio broadcast 
 
Radio broadcast 
 
Word of mouth Word of mouth 
 
Television 
 
Television 
 
Other …(please specify) 
 
Other…(please specify) 
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Part B 
Ten GeoVis tools have been briefly described below. All tools are designed for use on the Internet using 
the World Wide Web. Please read the description of each tool before answering questions. Any 
comments welcome.  The rating key for this section is as follows: 
 
 
 
5 = Yes;   4 = Agree;   3 = Uncertain;   2 = Disagree;   1 = No 
 
 
1. Flood Warning tool 
This tool mirrors the real-time gauge height readings from the Bureau of Meteorology (BoM) database and associates 
the gauge height reading with the corresponding, pre-prepared 3D inundation map. How the tool works is: 
- The gauge reading from the BoM is sent to the project database; 
- A small application is used to grab the gauge reading from the database; 
- Particular events arise for particular gauge readings. The gauge reading in the project database is linked to a 
pre-prepared 3D event map. The system recognises this link between the gauge height and map, and displays 
the 3D event map for that gauge reading (Figure 1). 
The user then gains an automatically updated, visual prediction of how the possible inundation might appear, and 
who/what will be affected. 
  
The flood gauge readings come from the Eurobin gauge. This gauge provides a 6-hour lag period of river conditions 
between itself and Myrtleford. Therefore once the map is displayed, residents have 6 hours to prepare for flooding. The 
inundation maps will be based on maps already produced by Sinclair Knight Merz engineering for a Myrtleford 
Floodplain Management Study. The user will only see the 3D map; the rest of the process is automatic.  
 
 
 
 
 
 
 
 
 
 
 
The Flood Warning tool gives the general public a rough visual idea of the extent of flooding that can be expected. 
They are able to associate the proximity of the water to their property. 
 
a) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
 
The function of the tool is clear        
 
The tool is practical         
 
This is a useful flood warning and awareness tool for the general public    
 
The use of 3D maps will increase the popularity of the tool by capturing the users attention  
 
The use of 3D maps is practical        
 
Comments / Suggested improvements 
 
 
 
 
 
 
 
 
Rating Key 
BoM Database 
Small 
application to 
grab data 
Project database
Small 
application to 
grab data 
Corresponding Map 
Figure 1. Flood Warning tool operation process. 
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2. Query Property tool 
The Query Property tool allows the user to select property on a 2D and 3D map of the study region. The property is 
highlighted once selected. The tool also gives users access to property information such as the street address, the 
dimensions of the property (that is length, width, height), and the horizontal Australian Map Grid coordinates. A 2D 
map will be used along side the 3D map, and used as a 2D navigation tool to give the user greater spatial orientation. 
The purpose for using a 2D map along side the 3D map is because a 2D map greatly increases the navigability in a 
virtual world 
 
b) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
 
The function of the tool is clear        
 
The tool is practical         
 
This is a useful flood communication and awareness tool for the general public   
   
 
Comments / Suggested improvements 
 
 
 
 
 
 
3. Find Property tool 
Similar to the Query Property tool, the Find Property tool allows the user to query a geo-referenced database that holds 
all the street names and property street numbers for the study region. The user will be asked to select the street name 
and number from a roll down menu. Once the property information has been selected, the corresponding property will 
highlight on the 3D and 2D maps. This tool basically completes the same action to the Query Property tool; that is 
allowing the user to identify properties on the 3D map.  
 
c) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
 
The function of the tool is clear        
 
The tool is practical         
 
This is a useful flood communication and awareness tool for the general public   
 
Comments / Suggested improvements 
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4. Simulated Effects tool 
The function of the Simulated Effects tool is very similar to the Select Property tool where the user selects a property 
and information regarding that property is displayed on screen. The major difference between the two tools is that the 
Select Property tool allows access to location related information, whereas the Simulated Effects tool permits access to 
information relating to the use of the property (for example, a hardware store or a private residency), and the risk of 
water levels invading the inner surrounds of the property and a guesstimated height of the water above floor height. 
 
 
d) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
 
It is appropriate to provide the general pubic with: 
 
Individual flood risk information for each property i.e. how the flooding will affect this property 
 
Information for each property regarding water levels above ground level  
 
The type of land use (i.e. residential, industrial, forest etc) 
 
An estimated time for preparedness against damage (lifting belongings off ground level) 
 
An estimated time for evacuation 
 
 
Also, please rate the following: 
 
The function of the tool is clear 
 
The tool is practical 
 
This is a useful flood awareness tool for the general public. 
 
Comments / Suggested improvements 
 
 
 
 
 
 
6. River Conditions tool 
The River Conditions tool provides a continual, up dated plot of the gauge readings over time. A total of seven plots 
will be displayed at any one time, that is: a seven-day plot.  The graph will be updated daily at the same time. Even 
though the graph associated with the River Conditions tool is updated on a daily basis, to most people, the gauge 
readings alone do not give a good interpretation of possible flood consequences to follow. Therefore the flood class 
levels of minor, moderate and major will be fused into the graph (Figure 2). Each shade underlying the graph will 
provide a link to the appropriate 3D flood event map so that the user is able to click on the link and view what spatial 
consequences might occur, and how these spatial consequences can affect their place of residency. 
 
Little or no threat
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Figure 2. River Conditions tool 
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e) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
The function of the tool is clear 
 
The tool is practical 
 
This tool gives a good interpretation of gauge heights 
 
A graph of this type is a good depiction of changes in the river condition 
 
This is a useful flood warning and awareness tool for the general public 
 
Comments / Suggested improvements 
 
 
 
 
 
7. Rate of Rise tool 
The Rate of Rise tool is used in conjunction with the River Conditions tool to work out the rate of rise of the water 
level over time in days, at the Eurobin gauge site. For the tool to work, the user is required to specify the start and end 
point of the period of time they wish to find the rate of change for and the start and end point for the corresponding 
gauge reading. The rate of change or gradient between the selected points will then be calculated and displayed as a 
function of metres over days. The result will be interpreted as a textural description (for example the result could read 
0.4 metres over two days, so a textural interpretation would read something along the lines of “this is a heavy increase 
in river height – beware of minor flooding”). 
 
f) Please rate the following statements as they relate to you. Enter your rating in the box beside each statement. Any 
comments and elaborations are welcome. 
 
The function of the tool is clear 
 
The tool is practical 
 
There is a need to find the rate of rise of the river 
 
This is a useful flood warning and awareness tool for the general public 
 
Comments / Suggested improvements 
 
 
 
 
 
8. Rainfall Conditions tool 
The Rainfall Conditions tool is a real-time, continually updated plot of rainfall within the vicinity of Myrtleford. Data 
for rainfall bulletins are collected using rain gauges. Each catchment has several rain gauges allocated to it. Data from 
three rain gauges will be depicted on separate graphs. The names of these rain gauges are the Bright Fld, Eurobin and 
Harris Lane. These particular rain gauges have been chosen because much of the rain falling at the locations of the 
named rain gauges will form part of the Ovens River and flow into Myrtleford. Therefore, by monitoring the rainfall at 
these rain gauges, residents can receive necessary warnings of potentially large quantities of newly deposited water 
running down the Ovens River towards their township. 
  
The incoming data for the three gauges will be plotted on separate graphs where each graph will be displayed side by 
side. Layered beneath the graph, in a similar manner to the Minor, Moderate and Major categories in the River 
Conditions tool, will be Low, Medium and High rainfall categories (Figure 3). Certain volumes of rainfall will produce 
flooding. When this rainfall volume is recorded it will be detected as a high-risk rainfall quantity and a warning will be 
displayed which will inform the user of the possibility of floodwaters. Links to corresponding event maps will be 
available. A 2D map will be used along side the graph so that the user is able to identify the spot source and quantity of 
rainfall. 
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g) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
The function of the tool is clear 
 
The tool is practical 
 
It is necessary to include rainfall quantity in the system 
 
This is a useful flood awareness tool for the general public 
 
Comments / Suggested improvements 
 
 
 
 
9. Flood Depth tool 
From the Flood Warning tool, a link to the Flood Depth tool will be provided. The Flood Depth tool shows the depth 
of inundated water over certain areas on a 3D map. The user is able to click on depth areas to obtain the depth and a 
textural interpretation of that depth (for example, depth of 9 metres – DANGER, STAY AWAY!) 
 
h) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
The function of the tool is clear 
 
The tool is practical 
 
It is important to give the general public an idea of the water depths they may experience 
 
It is important to give the general public an idea of the location of different water depths they may experience 
 
This is a useful flood awareness tool for the general public 
 
Comments / Suggested improvements 
 
 
 
 
 
 
 
Figure 3. Real-time, continually updated graph of 
rainfall for one rain gauge station. 
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10. Virtual Flood tool 
With this tool, the user is a creating a virtual flood. The user is presented with a map and a sliding bar. The sliding bar 
has been drawn to replicate a flood gauge. The concept of the tool is that the user slides the gauge up and down, 
consequently displaying the relative shape of the river. For instance, if the user slides the bar around 5.90 metres, a 
map of a major flood, or a 1 in 100 yr flood will be displayed.  
Textural descriptions and images will accompany the visualisation. The type of textural descriptions includes such 
things as telling the user that they are seeing a 1 in 100 year flood or that at the gauge level they have slid to is flood 
safe. Dates, aerial photos and images relating to particular flood events will be displayed along side the map as people 
are more inclined to remember the characteristics of the flood if referenced to an actual event opposed to a numerical 
gauge reading. 
 
i) Please rate the following statements as they relate to you (enter your rating in the box beside each statement). Any 
comments and elaborations are welcome. 
 
 
The function of the tool is clear 
 
The tool is practical 
 
This is a good educational tool for the general public 
 
This is a useful flood awareness tool for the general public 
 
Comments / Suggested improvements 
 
 
 
 
 
 
 
 
Thank-you for completing this questionnaire. Your time and effort is much appreciated. Further comments 
may be added overleaf. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fatima Basic 
Postgraduate Research Student 
Dept. of Geospatial Science 
GPO Box 2476V 
RMIT University 
Melbourne 3001 
Ph. (03) 99253277 
Fax (03) 96632517 
E-mail Fatima.Basic@rmit.edu.au 
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 Appendix 2. Summary of feedback and GeoVis tool ratings obtained via 
Questionnaire#1 
 
 
 
 
 
   
 
Participant 
(Cx) 
Area of 
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C1 
Emergency 
Management yes 0.68 0.20 0.20 0.24 0.24 0.30 0.30 0.40 0.30 
C2 
Emergency 
Management yes 0.28 0.27 0.47 0.64 0.64 0.15 0.40 0.52 0.80 
C3 
Emergency 
Management yes 0.36 0.40 0.60 0.48 0.48 0.30 0.20 0.48 0.60 
C4 
Emergency 
Management yes 0.40 0.40 0.40 0.56 0.56 0.30 0.50 0.36 0.60 
C5 
Emergency 
Management yes 0.24 0.00 0.00 0.64 0.64 0.30 0.30 0.36 0.55 
C6 
Emergency 
Management no 0.36 0.00 0.00 0.36 0.36 0.20 0.35 0.60 0.60 
C7 
Community 
Safety / 
Emergency 
Management yes 0.56 0.60 0.67 0.52 0.52 0.30 0.65 0.28 0.80 
C8 0 0 0.48 0.13 0.13 0.48 0.48 0.15 0.25 0.60 0.00 
C9 0 0 0.40 0.13 0.13 0.24 0.24 0.30 0.15 0.12 0.60 
C10 
Risk 
Communication no 0.68 0.80 0.53 0.44 0.44 0.45 0.70 0.68 0.55 
C11 Cartography no 0.24 0.40 0.40 0.24 0.24 0.30 0.60 0.60 0.15 
                     
  Total 4.68 3.33 3.53 4.84 4.84 3.05 4.40 5.00 5.55 
  Rank 5 8 7 3 3 9 6 2 1 
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Appendix 3. Development environments investigated for prototype development 
Development 
Environment 
Description Potential Use Evaluation 
Advanced 
Visual Systems/ 
Express  
Data visualization tool in 3D and 2D for 
non-programmers and experienced 
developers. 
Making of the 
map and 
interactions. 
Can export to VRML1. Not open source. 
ArcView GIS GIS software allowing the creation of 
maps from data stored in a database. 
Making of the 
map and 
interactions. 
Does not provide an interactive format 
that can be viewed over the WWW in 3D. 
Data viewed through the 3D Analyst 
ArcView extension can be exported as 
the VRML format but all objects are 
grouped and exported as one whole 
object.  
Bryce 3D Software package used for 3D modelling 
and rendering. 
Making of the 
map. 
Bryce 4 can export to VRML. Not open 
source. 
Descartes A Java based GIS accessible over the 
Internet. Descartes allows the creation 
and interactive analysis of thematic maps.  
Making of the 
map and 
interactions. 
Does not cater for 3D. 
GeoVISTA 
Studio 
Open software development environment 
for geospatial data that allows geographic 
visualization without the requirement of 
programming. GeoVISTA Studio allows 
rendering in 3D. 
Making of the 
map and 
interactions. 
At present the aesthetics of the graphics 
output by GeoVISTA Studio are not 
suitable for close to reality 
representations.  
 
GeoVRML File format based on VRML97 that has 
extra features for supporting geographic 
applications. 
Making of the 
3D base map. 
Tedious coding process. 
IBM 
Visualization 
Explorer 
A visualization framework that gives 
users the ability to apply advanced 
visualization and analysis techniques to 
their data. 
Making of the 
map. 
Requires C++ for development 
Not open source when investigated in 
August 2003 however, now (2009) it is 
open source. 
Java3D A 3D scene-graph based graphics 
programming Application Program 
Interface (API) for the java language. It 
does not form part of the core APIs 
required by the Java specification. 
Making of the 
map 
 
Macromedia 
Flash 5 
Multmedia software program. Making of the 
map and 
interactions. 
Does not cater for 3D. 
PHP: Hypertext 
Preprocessor 
(PHP) 
Open source, cross-platform, server-side 
scripting language that can be embedded 
into HTML, VRML and other various 
other programming languages. 
Links between 
the map and 
database as well 
as basic user 
Interactions. 
Suitable. 
Scalable Vector 
Graphics (SVG) 
Based on an XML-based representation 
of geometric objects that can be rendered 
and manipulated by SVG-based 
functions. 
Making of the 
map and 
interactions. 
Does not generate 3D graphics. 
Tcl/tk A software system providing a command 
language (TCL) and a set if widgets for 
use in building Graphic User Interfaces 
(GUI). 
Development of 
a GUI and basic 
map 
interactions. 
 
TerraVision Open-source, interactive terrain 
visualization system that allows user to 
navigate in real-time through a 3D world. 
Making of the 
map. 
 
Visual Basic 
(VB) 
A visual programming system for 
developing Windows interfaces and 
performing operations on graphical 
objects on-screen. 
Development of 
a GUI and basic 
map 
interactions. 
 
Virtual Reality 
Modelling 
Language 
(VRML) 
A 3D interchange format designed for 
viewing 3D objects over the WWW. 
Creation of the 
3D map base. 
Tedious coding process. 
World 
Construction Set 
(WCS) 
Three-dimensional landscape modelling, 
rendering and animation software. 
Creation of the 
3D base map. 
Although WCS provides almost photo-
realistic rendering, it is commercially 
distributed software. 
Geographic visualisation tools for communicating flood risks to the public 
 258 
Appendix 4. Advertisement used to find study participants 
*** PARTICIPANTS REQUIRED FOR RESEARCH STUDY *** 
 
Have you or your family been affected by flooding? 
Were you unsure what the flood warning message meant? 
Were you unsure what to do to minimise damage and maximise safety? 
 
A study is being conducted by RMIT University to determine how humans respond to flood warnings 
that are communicated using graphics. The study is motivated by the low success rate of effective 
message dissemination and response in Australia. This research will compare how well a message is 
understood when communicated through: 1) graphics; and 2) more traditional warning modes such as 
radio and fax. Graphics are being used to challenge current modes of dissemination because it is an 
almost universal language that the human mind reacts to quickly. Myrtleford has been chosen as the 
study area for the project because of the regular occurrence and nature of flooding in and around the 
township.  
 
As part of the research procedure a test has been devised which aims to examine how people respond 
to different flood warning methods. Participants are not limited to a particular gender, age group or 
profession. Any member of the public is welcome to participate providing they have: 
1. Some familiarity with Myrtleford; and 
2. Some level of experience with computers. 
NOTE: If you would like to participate but have never used a computer you are still welcome to apply. 
 
Participants will be required to: 
 Listen to a simulated radio broadcast of a flood warning and discuss the content; 
 Read a simulated flood warning message on paper and discuss the content; 
 Use a computer mouse to interact with a 3D and 2D map to obtain flood warning messages. 
A video camera with sound may be used to record observations for further analysis. Please note that 
the angle of the camera will only allow for the computer screen to be in view. All participants will 
remain anonymous. 
 
Location of test  
The Myrtleford Town Library 
 
Date 
The test period will begin towards mid March 
2005 and continue to mid April 2005 
Time required from each participant  
1 to 1.5 hours 
 
 
 
If you are available to participate in 
the test process please contact 
Fatima Basic on 0409 437 613 or by 
email on 
Fatima.Basic@rmit.edu.au.  
 
Alternatively call (03) 9925 3277 and 
leave your name and number. Further 
information, if necessary, can be 
requested by email.  
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Appendix 5. Correspondence to and from Myrtleford Secondary College 
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Appendix 6. Plain Language Statement given to participants who tested the 
prototype 
 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
Project Information Statement 
 
Project Title: Geographic visualization tools for communicating the risk of 
floods 
 
Investigators:  
• Ms Fatima Basic, BAppSc (Hons)  
PhD Candidate, Ph. (03) 99253277, Fatima.Basic@rmit.edu.au  
• Dr William Cartwright, Associate Professor of Cartography and 
Geographical Visualization, RMIT University  
Project Supervisor, Ph. (03) 99253274, 
William.Cartwright@rmit.edu.au  
• Professor John Handmer, Director of the Centre for Risk and 
Community Safety, RMIT University 
Project Supervisor, Ph. (03) 99252307, John.Handmer@rmit.edu.au  
  
You are invited to participate in a research project being conducted by RMIT University. This information sheet 
describes the project in straightforward language, or ‘plain English’. Please read this sheet carefully and be 
confident that you understand its contents before deciding whether to participate. If you have any questions 
about the project, please ask one of the investigators.  
 
Who is involved in this research project? Why is it being conducted? 
This research project is being investigated by postgraduate student Ms Fatima Basic as part of her PhD program 
at the School of Mathematical and Geospatial Sciences, RMIT University. Supervisors for this project are 
Associate Professor William Cartwright and Professor John Handmer who are staff members at the School of 
Mathematical and Geospatial Sciences at RMIT University.  The purpose of this research is to determine 
whether geographic visualization (GeoVis) tools can be used to effectively communicate flood risks to the 
general public using the World Wide Web. In order to do this a test has been devised which evaluates the use of 
GeoVis tools for flood risk communication against current means of flood risk communication within the study 
area (radio and fax). GeoVis tools help users explore and understand information on a representation (such as a 
map). The study area for this project is the township of Myrtleford in northeast Victoria. The general public is 
the target user group because it is the general public that tends to be the least aware of flood risks and flood 
dangers within their community due to insufficient communication methods. Please note that this project has 
been approved by the RMIT Human Research Ethics Committee. 
 
Why have you been approached? 
You have been approached to participate in the testing process for this research because you have indicated that 
you are familiar with the township of Myrtleford and that you have at least a basic level of experience with 
computers. Therefore you satisfy the criteria as a test candidate. As a member of the general public, you have 
been selected at random, but only those who satisfy the criteria can participate in the test. The contact details of 
test candidates who are flood risk experts have been obtained through technical journal papers written by each 
test candidate.    
 
What is the project about?  
This project is about improving the way flood risks are communicated to the public. In Australia the success rate 
of flood risk communication to the public is low. Scientists are able to make quality forecasts regarding the 
extent and time of flooding but communicating this information effectively still remains a challenge. The 
effective communication of a flood warning message is determined by the speed at which a person understands 
the message and a response that maximizes safety and minimizes damages to property. Suggested reasons for 
communication failures include: 
• Poor messages design 
o Messages are very general and do not give individuals enough information on damage 
prevention and safety 
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o The design and dissemination of the message does not take the diversity (such as age, 
ethnicity, literacy and gender) of a community into consideration 
• A lack of clarity as to which government body should distribute the warning, which consequently 
affects the number of people that are reached on time; 
• An overall poor interest in flooding from the general public 
These suggested communication failures will be addressed in this research. 
 
As a participant, what will I be required to do? 
Participants will be required to complete six short exercises over a period of approximately one and a half hours. 
There will be two phases to the testing procedure. The first phase requires participants to: 1) listen to a simulated 
flood warning radio broadcast; 2) read a simulated flood warning fax message and 3) use the GeoVis tools to 
clarify the flood warning message. Several questions will be asked for each exercise such as “What type of 
flooding is expected?” and “Will your property be directly affected by the floodwaters?” The GeoVis tools are 
designed to be used with a computer. The second phase will concentrate on testing the usability of the GeoVis 
tools. During this phase participants will be observed as they use the tools. Several questions will be asked such 
as “Can you tell me which tool you would use to locate your place of residency on the map?” A video camera 
with sound will be used to tape the session so that observations can be analysed in greater detail. Please note that 
only the computer screen will be in camera view while taping. Once both phases are complete, participants will 
need to complete a short questionnaire regarding the participant’s satisfaction with the GeoVis tools. Because of 
the nature of data collection, we are not obtaining written informed consent from you. Instead, we assume that 
you have given consent by your completion and return of the materials (i.e. questionnaires).  
 
 
What are the risks associated with participation? 
Participation in this research is in a no risk category. Any personal information such as your name or address 
will not be required for this test. Any data used in publications (i.e. thesis, journals and conference proceedings) 
will be an aggregate result of all participants. Any information which can identify participants will not be used in 
publications. Subject to legal constraints, all responses will be kept confidential. Any information that you 
provide can be disclosed only if: 1) it is to protect you or others from harm; 2) a court order is produced; or 3) 
you provide the researchers with written permission. Only the investigators of this project will have access to the 
research data, which will be securely stored in the School of Mathematical and Geospatial Sciences for the 
duration of the research.  All individual responses will be destroyed once the research project is complete. This 
includes all video files.  
 
What are my rights as a participant? 
 Potential participants are welcome to examine all test materials before committing to the test. Your participation 
in this project is entirely voluntary and can be withdrawn or discontinued at any time – and where it is possible – 
withdraw any unprocessed data previously supplied. You have a right to have any questions answered at any 
time. 
 
Who should I contact if I have any questions? 
Should you have any questions, please contact the project supervisors. All contact details can be found at the 
beginning of this document. 
 
  
Thank you for your time. 
 
  
Any complaints about your participation in this project may be directed to the Secretary, RMIT Human Research Ethics 
Committee, University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001.  The telephone number is (03) 9925 1745. 
Details of the complaints procedure are available from the above address. 
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Appendix 7. Confirmation of ethics approval from RMIT HREC 
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Appendix 8. Background Questionnaire 
Participant No. _____ 
 
Q1. Which age group do you fit into? 
  Under 15   15 – 20   21 – 30   31 - 40   41 - 50   51 + 
 
Q2. Gender 
  Male   Female 
 
Q3. Is Myrtleford a flood prone town? 
  Yes   No 
 
Q4. Have you ever been effected by a flood 
  Yes   No 
If you answered yes, were you confused as to what you should do to minimize damages and maximize your safety 
before and during inundation? 
  Yes   No 
 
Q5. Please rate your level of confidence when using a map? 
  High I can find my way to any location using a map  
  Medium I usually find my way to any location using a map but have some difficulty 
  Low I find it difficult to use maps 
 
Q6. On average, how often do you use the Internet? 
  Never   Once a month   Twice a week   Every day 
 
Q7. Generally, where is the location of the Internet connection you are accessing most? 
  Home   Public library 
  Work   Home of a family member of friend 
  Other (please specify)  
 
Q8. If you do not have a home Internet connection, have you considered getting one? 
  Yes, I find the Internet a valuable information source 
  Yes, I would like to get the Internet for emailing 
  Yes, but I can not be bothered setting the Internet up 
  No, I have no need for the Internet 
  No, the Internet is too costly for me 
 
Q9. How often do you use online interactive maps (for example those provided by Parks Victoria, Whereis 
online, Melways, tourist maps from tourist sites) 
  Never (I have never used an online interactive map)   Often (once a week) 
  Sometimes (once a month)   Always (it is part of my everyday activity) 
 
Q10. How would you rate your computer skills? 
  Excellent 
  Good 
  Reasonable 
  Undeveloped 
  Poor 
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Appendix 9. Evaluation form 
Participant No. _________ 
  Public    Expert 
 
 
Phase 2 - Abstraction and orientation 
Q11. Display the prototype on computer screen. Questions: 
 
 a. Describe what you see. What do you think it is that you are looking at? Does it look familiar at all? 
   Response    Familiar  
  Myrtleford   a town   unsure    other    Yes    No  
 Comments: 
 
 
 
 b. What does the color “blue” represent? If correct, ask them how they deduced this. 
   Response    Familiar  
  flood   unsure   other     Yes    No  
 Comments: 
 
 
 
 c. What do you think of the layout and colors used on: 
 The map  
 
 
 
The entire interface  
 
 
Q12. a. Using the mouse can you indicate which way it is to Bright? 
   Response   Familiar  
  Direction indicated correctly on __________attempt    Yes    No 
  Incorrect indication     
  unsure     
  other      
 Comments: 
 
 
 
 b. Can you show me which way you would travel to get to Yackandandah? 
   Response   Familiar  
  Direction indicated correctly on __________attempt    Yes    No 
  Incorrect indication     
  unsure     
  other      
 Comments: 
 
 
 
Q13.  Do you know where the IGA Supermarket/Post Office is in Myrtleford? (If participant is not familiar with either 
than ask them to nominate a location). Using the mouse can you indicate the location of the IGA Supermarket / 
Post Office but do not click the mouse?  
   Response   Familiar  
  Direction indicated correctly on __________attempt    Yes    No 
  Incorrect indication     
  unsure     
  other      
 Comments: 
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Phase 4 – Comparison of communication formats 
Q1  Do you want to know how forecast floodwaters will affect your property?   Yes    No 
Ask for reason if answered “No” 
 
 
 
  
Are you familiar with the Minor, Moderate and Major flood categories?   Yes    No 
    
Exercise 1 – Radio warning 
Q2 a. Can you tell me which radio station broadcasts flood warnings for 
Myrtleford∗? 
  Yes  
________
___ 
  No 
 
 b. Play broadcast. Can you tell me the category that this flood fits in?   Correct   Incorrect  
 c. Based on past flooding, does this mean your house is going to be safe from 
significant flooding? 
  Yes  No  Unsure 
 
 d. How will you respond to this information? What is the next step? 
 
 
  
Exercise 2 – Fax warning 
Q3 a. Do you have a fax machine?   Correct   Incorrect  
Q4 b. Are you aware that you can receive flood warnings via fax?   Yes   No 
If answered “Yes”. Are you in the Council Flood Fax Stream System?   Yes   No  
 c. Give participant fax warning. Can you tell me the category that this flood fits in?   Correct   Incorrect  
 d. Based on past flooding, does this mean your house is going to be safe from 
significant flooding? 
  Yes  No  Unsure 
 
 e. How will you respond to this information? What is the next step? 
 
 
  
Q5 a. Do you think radio is a good way for you to obtain flood forecasts?   Yes   No   Unsure 
Comments: 
 
 
  
 b. Do you think fax is a good way for you to obtain flood forecasts?   Yes   No   Unsure 
Comments: 
 
  
  Go to Questionnaire Phase 4 – Radio and Fax  
 
 
Phase 5 - Memorability  
Q1.  a. Describe what you see. What do you think it is that you are looking at? Does it look familiar at all? 
  
 
 
 b. What does the color “blue” represent? If correct, ask them how they deduced this. 
  
 
 
 
Q2.  a. Using the mouse can you indicate which way it is to Bright? 
  
 
 
 
 b. Can you show me which way you would travel to get to Yackandandah? 
   
                                                
∗ Stations that broadcast warnings for Myrtleford are: 3WPR-FM 101.3; ABC FM 106.5; Myrtleford FM88. 
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Q3.   Using the mouse can you indicate the location of the IGA Supermarket / Post Office but do not click the mouse? 
  
 
 
 
Phase 6 - Learnability 
Q1.  a. If you were the resident of 15 Whalleys Lane, how would you locate your property on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    was unsure of how to   
   Comments: 
 
 
 b. How would you find flood safety information for 15 Whalleys Lane? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
   
 c. If you were the owner of Ruby’s Milkbar, how would you locate the shop on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    was unsure of how to   
   Comments: 
 
 
 d. How would you find flood safety information for Ruby’s Milkbar? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
 e. Read the safety information out loud. What does this information mean? How would you respond to this 
information? 
   Level of understanding 
  Excellent Comments: 
  Good  
  Average  
  Confused  
  No idea  
 
   
  Refers to safety suggestions  
   
Q2.  a. If you were the resident of 26 Standish Street, how would you locate your property on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    unsure of how to   
   Comments: 
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 b. How would you find flood safety information for 26 Standish Street? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
 
   
 c. If you were concerned with St Paul’s Anglican Church, how would you locate the church on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    unsure of how    
   Comments: 
 
 
 d. How would you find flood safety information for St Paul’s Anglican Church? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
 e. Read the safety information out loud. What does this information mean? How would you respond to this 
information? 
   Level of understanding 
  Excellent Comments: 
  Good  
  Average  
  Confused  
  No idea  
 
   
  Refers to safety suggestions  
   
Q3.  a. If you were the resident of 2 Clancy Lane, how would you locate your property on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    unsure of how   
   Comments: 
 
 
 b. How would you find flood safety information for Clancy Lane? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
   
 c. If you were the owner of Myrtleford Hotel, how would you locate the shop on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    unsure of how   
   Comments: 
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 d. How would you find flood safety information for Myrtleford Hotel? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
 e. Read the safety information out loud. What does this information mean? How would you respond to this 
information? 
   Level of understanding 
  Excellent Comments: 
  Good  
  Average  
  Confused  
  No idea  
 
   
  Refers to safety suggestions  
   
 f. What additional flood warning information would you want to know? 
 
 
 g. What additional safety information would you want to know? 
 
 
Q4.   Can you show me how you would view the entire map? 
Q5.    Attempts required to find “View whole town” button: 
Time taken to find “View whole town” button: 
PHASE 4 …continued 
PART 1 – Prototype with radio 
Q1.   Ask the participant to pretend that they are the residents of 26 Standish Street. Play another radio broadcast∗, 
allowing the participant to use the prototype to obtain specific information. 
 a. Do you feel comfortable using the prototype to obtain specific information 
after receiving a flood warning? 
  Yes   No   Unsure 
Comments: 
 
 
 
   
 
 
PHASE 7 - Usefulness 
Q1.  a. Would you use a system that provides you with a map that depicts the 
forecast floodwaters so that you could at least see what the predicted 
consequence of the rising river height? 
  Yes   No   Unsure 
Comments: 
 
 
   
 
 b. Would you use a system that provided you with this information if it meant 
using a computer? 
  Yes   No   Unsure 
Comments: 
 
 
   
 
 c. Would you trust information accessed through an online automated system? 
This system would be updated by qualified personnel. 
  Yes   No   Unsure 
Comments: 
 
 
   
 
  Go to Questionnaire PART 2 – Geographic Dirtiness 
                                                
∗ Radio broadcast is of Moderate classification. 
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Phase 9 – 2D verses 3D 
Q1.  a. If you were the resident of 26 Standish Street, how would you locate your property on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    unsure of how    
   Comments: 
 
 
 b. How would you find flood safety information for 26 Standish Street? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
 c. If you were the owner of Ruby’s Milkbar, how would you locate the shop on the map? 
   Attempts required to find property: 
Time taken: 
   Methods to located property: 
  pull down address index   text area   direct selection from map    other    unsure of how   
   Comments: 
 
 d. How would you find flood safety information for Ruby’s Milkbar? 
   Attempts required to find property: 
Time taken: 
     safety information was found   was unsure of how to  
   Comments: 
 
 
Q2.  a. Do you prefer the 2D map to the 3D map?   Yes   No   Unsure 
Comments: 
 
   
 
 b. Is the 2D map easier to understand?   Yes   No   Unsure 
Comments: 
 
   
 
 
  Go to Measurement of Satisfaction questionnaire 
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Appendix 10. Programming code and simulated radio broadcast used in the test 
process 
 
Description of CD content 
1. Content of folder named ‘Simulated_radio_broadcast’ 
Contains 4 simulated radio broadcasts of flood warnings that were provided by Murray Goulburn ABC 
Radio, and used for part of the test process. The files are in a .wav format. 
 
2. Content of folder named ‘Prototype_code’ 
Contains the programming scripts and code written and used to develop the prototype online flood 
warning system. Please note that the prototype is not operable from the CD. PHP and Java are both 
server-side programming languages. Therefore, to run the prototype, all files must be uploaded to a 
server that is equipped with PHP. In addition to this, Java must be installed on the computer being 
used to access the prototype. 
 
The ‘Prototype_Code’ folder also includes all spatial data including images.  
 
The mock 2D version of the prototype is also on the CD in the ‘Prototype_Code’ folder. The 2D 
version can be viewed but will not operate properly without PHP and Java. It can be viewed by 
opening the file named ‘normal2D.html’ located in the folder named ‘2DMap’. 
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Appendix 11. The standard format of a flood warning disseminated by fax for the 
Ovens and King Rivers 
IDV36630  
 
Australian Government Bureau of Meteorology  
Victoria  
Initial Minor Flood Warning for the Ovens River  
Initial Minor Flood Warning for the King River  
   
 Issued at 4:37pm on Wednesday the 8th of September 200X  
  
Rainfall totals for the last 36 hours across the Ovens and King Catchments have  
ranged from 15mm to 80 mm with falls in the upper catchments areas generally in  
excess of 60mm. This rainfall combined with the existing wet catchments is  
producing significant stream rises throughout the area.  For the next 18 hours  
further falls of around 20mm are expected with heavier falls in excess of 30mm  
possible around the ranges.   
  
Ovens River upstream of Bright  
The Ovens River at Bright is currently steady around 1.89 metres [minor flood  
level 3.0 metres] further stream rises are possible overnight. If the rainfall  
is at the upper end of forecast the river may approach  the minor flood level  
around midday Thursday.  
  
Buckland River  
The Buckland River at Harris Lane is currently at 1.15m and rising steadily. If  
the rainfall is at the upper end of forecast the river may approach  the minor  
flood level [1.8 metres] around midday Thursday  
  
Myrtleford  
At Eurobin the Ovens River is at 3.14 metres [minor flood level 4.5 metres] and  
rising slowly. From current information the river is to expected approach the  
minor flood level around midday Thursday.  
  
Buffalo River  
The Buffalo River downstream of Lake Buffalo is expected to remain  below minor  
flood level [3.0 metres].   
  
Rocky Point  
The Ovens River at Rocky Point  currently at 1.93 metres and rising slowly  
[minor flood level 3.20 metres]. High stream levels will continue overnight into  
Thursday. Based on current information and if rainfall totals are in the upper  
range of the forecast the river should peak just below the minor flood level  
later Thursday.   
  
Upper King River  
The King River at Cheshunt is currently at 1.49 metres, rising steadily and is  
expected to exceed the minor flood level [1.8 metres] later Wednesday evening.  
Areas of minor flooding will continue along the King River around and downstream  
of Cheshunt  overnight into Thursday.  
  
Docker Road  
The King River at Docker Road is currently at 2.34 metres and steadily rising.  
The river is expected to approach the minor flood level [3.7 metres] early  
Thursday morning.  
  
Wangaratta  
A prediction for the Ovens River at Wangaratta  will be available once the Ovens  
and King Rivers have peaked at Rocky Point and Docker Road respectively.   
  
River heights on Wednesday were:  
  
Ovens R. at Harrietville             1.11m rising         at  249pm Wed 08/09/0X  
Ovens R. at Bright                   1.89m steady         at  242pm Wed 08/09/0X  
Geographic visualisation tools for communicating flood risks to the public 
 275 
Buckland R. at Upper Buckland        1.47m steady         at  253pm Wed 08/09/0X  
Buckland R. at Harris Lane           1.15m rising         at  240pm Wed 08/09/0X  
Ovens River at Eurobin               3.14m rising         at  250pm Wed 08/09/0X  
Ovens R. at Myrtleford               1.51m rising         at  248pm Wed 08/09/0X  
Buffalo R. at Abbeyard               0.92m steady         at  448am Wed 08/09/0X  
Rose R. at Matong North              0.93m rising         at  349pm Wed 08/09/0X  
Buffalo R. D/S Lake Buffalo          1.51m rising         at  248pm Wed 08/09/0X  
Ovens R. at Rocky Point              1.93m rising         at  244pm Wed 08/09/0X  
King R. D/S Lake William Hovell      1.45m                at  148pm Wed 08/09/0X  
King R. at Cheshunt                  1.43m rising         at  244pm Wed 08/09/0X  
King R. at Edi                       1.59m rising         at  405pm Wed 08/09/0X  
Boggy Ck. at Angleside               3.47m falling        at  251pm Wed 08/09/0X  
King R. at Docker Rd Bridge          2.30m rising         at  248pm Wed 08/09/0X  
Hurdle Ck. at Bobinawarrah           0.64m steady         at  250pm Wed 08/09/0X  
Fifteen Mile Ck. at Greta South      1.93m steady         at  434pm Wed 08/09/0X  
Fifteen Mile Ck. at  Glenrowan       0.93m steady         at  251pm Wed 08/09/0X  
Ovens R. at Wangaratta               9.06m steady         at  240pm Wed 08/09/0X  
Ovens R. at Peechelba East          128.37m steady         at  250pm Wed  
08/09/0X  
  
The next warning will be issued around 8am Thursday 9th September 200X.  
  
Flood Warnings, Flood Watches, River Height and Rainfall information are   
available on the Bureau of Meteorology web site at :    
          http://www.bom.gov.au/hydro/flood/vic   
 Flood Warnings are available for Victorian Catchments North of the   
Divide on:  Weather by Fax No. 1902 935 015.   River Height   
information for the North East Victorian Catchments areas is   
available on: Weather by Fax No. 1902 935 837  
Flood Warnings and Flood Watches for Victoria Catchments are   
available on:  
Telephone Weather Service No. 1300 659 217 
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Appendix 12. Questionnaire used to: 1) collect test participants’ responses to 
radio and fax warnings; and 2) determine the preferred level of Geographical 
Dirtiness on the map 
Participant No. _____ 
 
Phase 4 – Radio and Fax 
Please tick the box next to the statement if you agree.   
  The amount of information provided in the fax and radio warning is enough to help me decide how to 
maximize my safety and minimize damages to my property 
  I understand the flood warning message but do not know how to  maximize my safety and minimize damages 
to my property 
  I want to know information that is relevant to my property 
  I like to take the situation into my own hands 
  I would prefer an official to guide my response 
 
 
PART 2 – Satisfaction with map detail  
 
This questionnaire has been designed to gather information about your personal satisfaction with the amount of detail used on the 3D 
map. Please circle the level to which you agree or disagree with each statement. 
A. Level ___ 
 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
B. Level ___ 
 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
C. Level ___ 
 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
D. Level ___ 
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 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
E. Level ___ 
 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
F. Level ___ 
 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
G. Level ___ 
 Statement  Agree  Undecided  Disagree 
1) There are enough landmarks to help me orientate myself. 5 4 3 2 1 
2) The amount of detail is enough. 5 4 3 2 1 
3) I am finding it hard to orientate myself. More detail would be better. 5 4 3 2 1 
4) Road locations need to be clearer 5 4 3 2 1 
5) More landmarks should be included on the map to help me orientate 
myself 
5 4 3 2 1 
 
Comments: 
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Appendix 13. Measurement of satisfaction questionnaire 
Participant No. _____ 
Phase 10 – Measurement of satisfaction 
The results from this questionnaire will be used to determine participants’ overall satisfaction with the prototype online flood 
warning system. 
 
Statement of satisfaction Strongly 
agree 
Agree Partly 
 agree 
Undecided Partly 
disagree 
Disagree Strongly 
disagree 
I would use the prototype 7 6 5 4 3 2 1 
I would encourage others to use a system such 
as the prototype 
7 6 5 4 3 2 1 
I would use the Internet to access a system 
such as the prototype 
7 6 5 4 3 2 1 
I find the prototype easy to use 7 6 5 4 3 2 1 
I find the prototype fun to use 7 6 5 4 3 2 1 
The flood warning messages obtained using 
the prototype are clear 
7 6 5 4 3 2 1 
The flood warning messages are relevant and 
important 
7 6 5 4 3 2 1 
The flood safety messages are clear and 
relevant 
7 6 5 4 3 2 1 
I find it easy to identify places in Myrtleford 
on the map 
7 6 5 4 3 2 1 
I find it easy to find places in Myrtleford using 
the Find Property tool 
7 6 5 4 3 2 1 
The 3D map attracts my attention 7 6 5 4 3 2 1 
I am happy with the appearance of the 3D map 7 6 5 4 3 2 1 
The prototype helps me understand radio 
warnings better 
7 6 5 4 3 2 1 
Flood warnings need to be more specific to 
properties 
7 6 5 4 3 2 1 
 Strongly 
agree 
Agree Partly 
agree 
Neither 
agree or 
disagree 
Partly 
disagree 
Disagree Strongly 
disagree 
I prefer flood warning information to be 
communicated verbally and directly to me by 
a human 
7 6 5 4 3 2 1 
I prefer to receive flood warnings by radio 
only 
7 6 5 4 3 2 1 
I find it difficult to locate places in Myrtleford 
using the prototype 
7 6 5 4 3 2 1 
I am confused by the 3D map 7 6 5 4 3 2 1 
The 2D map is easier to understand 7 6 5 4 3 2 1 
Using a map to communicate flood warnings 
is a waste of time 
7 6 5 4 3 2 1 
The safety messages are not clear 7 6 5 4 3 2 1 
I find it difficult to interact with the map using 
the mouse 
7 6 5 4 3 2 1 
 
Any additional comments regarding your satisfaction with the prototype are most welcome.  
Thank you for your time. 
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Geographic visualisation tools for communicating flood risks to the public 
279 
Appendix 14. Summary of constructive comments made by participants about the 
2.5D map 
SUMMARY OF CONSTRUCTIVE COMMENTS ABOUT THE PROTOTYPE 
Many participants indicated that they were confused by the 2.5D map and had trouble 
orientating themselves within the map, making it difficult to identify map objects. It was 
suggested by several participants that the map be rotated so that it is viewed along the Ovens 
Highway in a south-east to north-west direction as this is the standard map view used locally. 
It was also suggested that the outline of the rivers and creeks be included on the map as they 
are major landmarks. Several participants commented on the incorrect position of the 
backdrop image of the hills and they felt added to the confusion.  
There was quite a lot of discussion on the design of the buildings on the 2.5D map. Matters 
arising included colours used to show land use, images attached to the sides of buildings, 
height and position of buildings, labelling and the use of landmarks. Most participants were 
satisfied with the colours used and, in particular, gave positive comments about the use of 
images on the buildings, as participants found images helped them orientate themselves 
within the map. A flaw recognised by many is that the height of the buildings is not to scale, 
hence unbalancing the spatial ratio of the depiction. Labels and landmarks (landmarks were 
shown by images) were appreciated by participants, but many commented that the labels and 
images could only be seen clearly once at street level. Similarly, this is the case with road 
names. From an outside view it is important that users be given a name or image of several 
landmarks so that they can orientate themselves accordingly.  
Using a map meant that the expected flood extents could be visually communicated. This was 
appreciated by many participants, although some commented on lack of flood information 
which could be shown on the 2.5D map such as heights, velocity and direction of flow. All 
participants were pleased with the ability to view property specific safety information, but 
some felt that the property specific information provided was a too excessive and that the use 
of just general information within the town would be sufficient. 
